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ELEMENTS  OF  CHEMISTEY. 


THIRD  PART. 

IV32.  Although  the  metals  described  in  the  second  part  of 
wotIe  arc  nercr  technically  einjiloyed  in   tlie  metallic  etatoi 
ithej  still  find  very  extensive  application  in  the  stitie  of  vAriooa 
compoundd,  all  of  wbich  ar«  tDanuFacturod  in  cbctnical  works  hj 

Eroc«M«s  similar  lo  those  eniplojrei]  for  obtaining  tbeni  in  tUa 
hboratory  on  a  smaller  scale. 
Among  the  mctala  jet  remaining  for  our  examination,  boverer, 
s  ooDudcrable  ntimber  are  employed  in  the  metallic  state,  and  are 
extracted  from  their  ores  hj  processes  of  a  particular  kitid.  callvd 
autaUurffieal  procetfff.     In  every  case  when  they  are  to  be  used 
Lin  the  mcuillic  state  they  muse  fulfil  all  the  conditJtinii  ennmorated 
j(§  270);  which,  however,  many  do  not,  aa  some  are  of  rare  occur- 
[rcQce,  while  the  extracting  of  others  prcHcnta  too  great  practical 
-dtfficoltice,  and  still  others  have  as  yet  found  no  technical  applica- 
tioDi  being,  therefore,  of  purely  scientific  intereot.     NererthclKie, 
on  aeoaot  of  the  great  analoj*y  existing  between  them  in  a  chemi- 
cal point  of  view,  the  study  of  those  wnich  5nd  a  technical  appli- 
oatioD  cannot  be  separated  from  that  of  those  which  uru  not  so 
applied.      The  latter  will,  therefore,  occupy  our  attention  as  well 
oa  the  former,  but  to  a  much  more  limited  extent. 


KECEASICAL  PREPABATION  OF  OBSS. 

§  V3S.  Under  the  general  name  of  ores  arc  comprised  such  com- 
biuations  of  metals,  occuning  in  nature,  as  contain  a  suSicient 
proportion  of  metal  to  he  worked  with  profit.  The  proportion 
TatiM  with  the  marketable  raUe  of  the  metal,  and  according  to 
the  greater  or  less  facility  with  which  it  can  be  obcnincd  from  its 
combiDition  in  the  ore:  iron  ores,  for  instance,  the  commercial 
price  of  which  metal  is  very  low,  must  therefore  be  very  rich  if  they 
are  to  lie  profitably  worked.    The  poorest  mtnerala  &om  which  iron 


10 


PRKPABATION  OF  OKES. 


could  be  oxtratitcd  mast  oontain  at  least  35  per  cent,  of  iroa ;  and 
tlio  molal  muat  moreover  exist  in  them  in  a  state  from  whk-Ii  It  can 
be  easily  reduced,  ia  order  to  be  iron  6re».  A  minora!  of  frequent 
occurrence  is  iron  -pyrites,  a  combinntion  of  iron  wtlli  8ii!plmr, 
wliicli  conlnins  nboiit  47  per  cent,  of  the  former,  bul  still  cannot 
be  considered  as  an  ore,  aa  tbe  treatment  to  which  it  must  be 
tubjccted  in  order  to  obtain  a  good  quality  of  iron  would  be  fur 
too  costly.  Copper,  on  the  contrary,  the  commercial  value  of 
which  19  much  higher  than  thiit  of  irnn.  onn  be  extrneted  with  ad- 
vantage from  ores  containing  only  a  few  per  cent,  of  tho  mt-tal, 
even  if  thcae  be  in  eonibination  with  sulphur;  nnd  ores  which  con- 
tuiii  only  some  thousandths  of  ailrer  or  of  gold  can  he  worked  to 
itdvantage. 

5  734.  An  ore,  of  whatever  kind  it  may  be,  is  seldom  suflicicntly 
rich  to  bo  at  once  subjected  to  metal lurgiral  processes,  but  ia.  in 
general,  worked  with  greater  advantage  after  hiLving  been  sorted, 
and  prepared  by  various  mechanical  operations,  which  tend  to 
separate  from  them  the  grea,ter  part  of  the  earthy  substances, 
technicitlly  termed  ganyut,  with  which  they  were  mixed.  The 
larger  pieces  of  the  gangue  arc  usually  separntod  from  the  ore  in 
tlie  mine  itself,  and  asca  to  (ill  up  the  exoaratlons  alrea,Jy  made 
in  the  rock ;  so  that  only  Ruch  fragments  arc  taken  oat  of  the  mine 
M  can  be  advantageously  prepared  for  smelting  by  mechanical 
(^Mratioas. 

§  736.  The  orce  of  iron  employed  are  always  very  rich,  as  those 
which  are  not  so  have  not  suQieient  value  to  be  made  richer  by 
costly  mcchanicul  processes;  iu  gencraJ,  therefore,  tho  argillaceous 
parts  are  merely  separated  by  wusbiug  {lUbourbagu).*  Sometimes 
the  ore  is  left  exposed  to  the  atmosplioro  for  Bevernl  months,  as 
the  clay  is  thun  rendered  more  friable  and  more  easily  detached. 
The  washing  of  iron  ores  is  performed  (in  France)  in  the  middle 
of  a  stream  of  water,  in  a  series  of  apparatus  called  jMttouillet*.  It 
ts  sometimes  eonsidcred  sufficient  to  turn  and  stir  the  ore  in  the 
stream  with  a  spade,  by  which  tho  iirgillacoous  parts  are  detached 
and  carried  away ;  but  the  shaking  up  of  the  ore  is  more  frequently 
effected  by  means  of  a  small  watcr-whccl  li  (fig.  4til),  set  in  motion 
by  tbe  stream.  The  ore,  thrown  with  a  spade  into  the  long  trough 
A,  where  the  water  running  over  it  frees  it  from  a  pnrt  of  its  clny, 
is  tlienco  tranaferrcd  to  the  somi-eylindrical  box  B,  which  ia  filled 
witli  water,  where  it  is  stirred  by  iron  anus  attached  to  the  axle 
of  the  water-wheel.  The  mnddy  water  runs  off  by  an  outtet  at  tho 
top  of  the  box,  and  the  waehed  ore,  which  is  taken  out  through 
the  orifice  o  in  tbe  lower  part  of  the  box,  falls  into  the  trough  I), 


*  Siiicobinl  QTM  arc  mure  aliuuilaul  Uian  luft  Iii  the  Unlt«>i  Staivs,  the  puomr 
cin.vry  nm,  iimtcKiI  of  be i eg  enHcbed  bjr  nnj  nicrlunical  pmce**,  arc  uniallj 
saaKht  nrter  lo  mix  iriih  tli«  liartlcr  arc*  anj  rcadgr  Uivu  aigrc  canjr  «f  Quxioa 
in  die  (krucfc— /.  C.  S. 
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rlience  the  wtirkman  removes  it  whca  he  fiods  it  to  be  sufficiently 
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S  730.  Th«  ores  of  other  metals,  vhen  taken  from  the  mme, 
ue  ^eaerallj  sorted  by  the  hkads  of  females  and  children,  nho 
Mparsle  them  into^lKt,  pieces  rich  enough  to  be  immediately 
»«nt  t»  the  smclting-irorks  ;  ^dlj,  fragments  composed  of  ore  and 
gaagae,  vhich  must  be  subjected  to  mechanical  preparations;  and 
Sdly,  pieces  of  gangno,  which  are  thrown  aside  as  useless.  Let 
111  Dov  examine  the  mechanical  operations  to  which  the  second 
cUu  is  sobjectod.  When  the  metalliferous  mineral  is  so  intimately 
mixed  with  the  gaague  that  it  cannot  be  separated  by  the  hammer, 
the  pieeea  are  redooed  to  a  small  sixe  between  eut-iron  cylinders 
or  under  BUunpcrs.  Fig.  462  represents  an  apparatus  of  crushing- 
eylisders,  ana  figs.  40^  and  4<54  show  the  arraogement  of  the 
eylinderB.  Two  kinds  of  hard  cast-iron  cylinders  are  employed ; 
fluted  (fig.  464 )f  nod  smooth  ones  (fig.  4l>3);  in  the  former  of 
inhich  tho  lai^  fragmeots  are  broken,  while  the  smooth  cylinders 
reduce  the  pieces  furnished  by  them  to  a  still  smaller  size. 

Only  one  of  theae  cylinders,  A,  receives  motion  from  the  water- 
wheel,  the  desired  velocity  being  given  to  it  by  a  system  of  cogs, 
while  the  second  cylinder  B  is  moved  by  the  former.  The  cylin- 
der A  is  borne  by  ivo  fixed  uprights  K,  white  the  supports  L  of  B 
an  movable  on  the  aliding^botros  oi,  cd.  The  cylinder  B  there- 
fore moves  away  from  A  whenever  a  pioco  presents  itself  which 
would  oppose  too  much  resistance  to  crushing ;  hut  at  other  timcfl, 
it  is  kept  pressed  against  A  by  the  weight  P,  soapeoded  to  the  ex- 
tremity of  »  long  lover  ST. 

The  ore  is  brought  to  the  crushing  machine  by  care,  moviag  on 
a  railroad  FF'.  The  workman  throws  it  with  a  spndc  into  a  wooden 
hopper  U  placed  aborc  the  cylinders;  and  when  it  is  reduced  in 
aiie  by  parsing  between  them,  it  falls  on  an  incliDed  jolting-box  M, 
tKe  bottom  of  which  eoasists  of  a  wire  sieve,  with  very  small  open- 
ings at  the  top,  and  larger  ones  at  tlie  lower  part.     The  Guest 


PAMATION   OF   ORBS. 


n 


hence  they  again  pass  between  the  cyliodcrs  with  the  ore  recently 
nipplied  from  the  mine. 

The  an,  irhen  broken  by  the  fiutc)  eylindon,  ie  thus  sorted  by 
the  Btcvea  in  the  box  M  into  different  sized  graini,  fVom  the  heaps 
,*f  which  the  largest  pieces  are  often  removed  by  hand ;  then  »nch 
rtions  arc  separated  as  are  fit  for  immediate  amelting,  the  pieces 
gaogQfl  aro  throvn  aside,  and  the  rnixtnre  of  ore  and  gingue 
'hieh  requires  again  to  bo  reduced  in  eixe  ia  paascd  throaffh  the 
n  of  smooth  cylindori!.  In  thi3  ease  tho  ore  is  not  threwn 
ly  into  the  box  U,  but  into  a  hoi  V  diridcd  into  dilTercnt 
parts  (fig.  462),  the  bottom  of  which  consists  of  a  eicvo,  which, 
keeping  back  the  too  large  fragments,  atlowa  only  tho^o  of  the 
pnipcr  dimenaions  to  fall  on  the  cylinders.  The  crushed  ore  is 
in  reeeiTcd  in  a  box  M,  the  eicrcs  of  which  arc  ranch  finor  than 
which  receive  the  pieces  falling  from  the  fluted  cylinders. 
■y  this  operation  pieces  of  4  or  5  imllimctrcs  (about  ^  inch)  aro 
ihtained,  which  is  a  convenient  size  for  the  subsequent  operations, 
'be  forming  of  smaller  pieces  and  of  dtist  cannot  entirely  be 
oided,  although  it  is  sought  to  diminish  their  quuiucy  as  maoh  as 
Nihle. 

S  737.  The  ore,  reduced  to  more  or  leas  fine  graina,  is  submitted 
farther  operatio&d  in  ihe  jig<;vtg  moeAine,  (crible  tt  d^puc,)  the 

tical  principles  of  which  are  the  following : 
If  bodies  differing  in  shapet  stxe,  and  specifio  gravity  bo  let  fall 
to  a  liquid  which  is  quiet  at  the  time,  these  bodies  will  experi* 
dilTerent  rcsiKtancea  in  their  fall,  and  arrive  at  dillorent  time* 
the  bottom  of  the  liquid ;  so  that  a  kind  of  separation  is  effected, 
fdortnc  their  fall,  by  the  position  the  pieces  occupy  in  the  depoeite 
at  the  bottom  of  the  vessel. 
If  we  suppose  the»c  bodies  to  be  similar  as  to  ehape  and  size,  but 
diffenng  in  their  specific  gravity,  then  tlicy  will  all  experience 
equal  loss  in  the  totality  of  their  movement  in  the  liquid,  beraaie 
the  reeiatance  a  body  meets  with  in  passing  through  a  liquid,  de- 
pmds  entirely  on  ita  form  and  extent  of  surface,  but  not  on  its 
deitslty.  But  the  loss  ^1  be  more  sensible  as  the  moineTitnm  of 
the  bodies  is  greater,  that  ts,  as  their  speciHc  gravity  is  higher  ;  so 
that  the  least  dense  particles,  traversing  the  central  strata  of  th« 
more  slowlv  than  the  others,  wilt  arrive  last  at  the  lower  part 
vessel ;  and  the  deposits  formed  will  thus  consist  of  different 
in  which  the  particles  will  have  arranged  themsclvca  ac- 
•drding  to  their  specific  gravities,  the  most  dense  oeeupyiog  the 
lovetit  place  and  the  lightest  ones  the  top. 

SapposiDg,  on  the  ol^r  hand,  the  bodies  falling  into  the  liqnid  to 
he  all  of  equal  density,  and,  moreover,  all  to  have  the  same  form, — 
for  example,  to  be  all  cubes  or  spheres, — but  differing  in  size,  then 
will  their  momentum  during  their  fall  be  in  proportion  to  their 
rolmne.     The  resistance  opposed  to  the  particles  by  the  liquid  will 
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1>e  proportioned  to  iheir  sarfaoeft,  as  we  have  supposed  lioth  tlieir 
fonn  iUid  relative  position  vhilc  passing  through  th«  liquid  to  be 
tbflume.  Therefore,  since  rolumes  vary  as  the  cubes  oflioiaolo- 
fjoos  dinipusiona,  while  Borfaces  only  vary  as  the  squares  of  such 
dimeiieioEis,  the  momeutA  of  the  bodies  will  siand  in  proportion  to 
the  ciibe«  J*  of  ono  of  their  dimensions,  while  the  resisUiDco  offt-red 
to  tlicm  by  the  liquid  will  be  proportional  only  to  the  a(}uarcs  d' 
of  the  some  dimension.  If  M  nnd  m  represent  iho  volumes  of  two 
bodies  of  the  same  density,  and  B  aod  d  their  homolugous  diiQcn- 
sioDS,  then  will  their  raomenta  he  proportionail  to  M^  and  mg,  or  to 
D'E^  and  d's^;  6  representing  the  specific  gravities  of  the  bodies, 
and  p  their  absolute  weight.  The  loss  of  momentum  they  experi- 
ence by  tho  rcsisianco  of  the  liquid  will  be  proportional  to  D*  and 
(T;  and  is  a  fractional  part  of  the  whole  momentuin,  larger  fur  the 
smaller  bodies  than  for  those  of  a  larger  size,  this  fraction  being 
TO  °''  K6  ^*"'  ''^^  largest,  and  ^  or  ^  for  the  smallest,  whore  a 
represents  the  coeftlcienl  of  resistancu,  which  ia  constant  in  both 
cues.  The  largest  particle  will  therefore  arrivo  first  at  tho  bottom 
of  the  liquid,  and  thedcpomte  will  conaistof  atratu  arrungcd  accord- 
ing to  the  site  of  tho  pieces  constituting  them,  tho  largest  occupy- 
ins  the  lowest  situation. 

Xafltly,  we  will  suppose  the  bodies  to  bo  eqnal  as  regards  donaity 
and  volume,  hut  differing  in  form, — some  for  instance,  bciug  cubes, 
and  others  laminated  rectangles;  then  will  tlic  liLtter,  laving  a 
greater  extent  of  Burfaco  tUau  tho  cubes,  meet  with  a  greater  re- 
sistance while  traversing  tho  liquid ;  and  the  cuhea,  arriving  first 
at  tho  bottom  of  the  vessel,  will  leave  the  llattcncd  particles  in  n 
layer  on  the  upper  surface  of  tha  dopositc  furuied. 

Let  us  now  examine  how  those  principles  may  bo  applied  to  the 
preparation  of  ores.  We  havD  st-en  that  the  ftieves  pliiccd  under 
the  crushing- cylinders  divide  the  material  into  equal  classes,  each 
of  which  ia  composed  of  pieces  of  a  nearly  uuiforni  stize ;  hut  wo 
will  now,  to  make  tho  reasoning  more  simple,  suppose  these  frag- 
ments, consisting  of  pure  ore,  or  pure  ganguc,  or  a  mixture  of  the 
two,  to  bo  exactly  equal  as  to  form  and  volume.  Mctnlliferous  ores 
boing  in  gcncml  much  heavier  than  the  ganguc  by  which  they  an 
accompanied,  the  fragments  of  the  former  will  evidently  first  arrive 
at  the  bottom  of  tht;  vendul,  and  on  thciii  tho  piirccn  coiupo;9cd  of 
ore  and  gnnguo  will  deposit,  while  tho  fra^gmeuta  of  pure  gnngue 
will  constitute  tho  uppcru,08t  layer.  The  deposits  can  tuca  bo 
divided  into  three  parts :  pure  ganguc,  which  lies  uppermost,  and 
is  rejected;  pure  ore,  forming  tie  lowest  stratum,  which  is  sent  to 
the  smelling- works  ;  and  lastly,  an  inttTUiediiLte  Uyer,  cou»i»ting 
of  ore  and  gangne  not  sufficiently  rich  for  immediate  smelting, 
which  must  again  be  crushed,  and  undergo  tho  process  of  washing 
over  again. 

It  is  evidently  essential  for  the  process  of  separation  to  obtain 
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llip  fragmenU  ts  etioal  ts  poMible,  rsgnrding  both  Fonn  and  far.e  ; 
'  It  titia  conditioil  euinot  be  fiilGIle<l  at  will.  Br  tmiMa  of  RievM 
diflerent  fimnfln  e<|;iialiij-  of  size  can  be  attaiiit-d  with  more  or 
aoooracj ;  but  hj  no  known  proocM  md  tb«  piecos  bo  obtained 
A  nmilar  form,  because  chU  latter  character  depends  on  the 
noleeolar  eoiutitution  of  the  minerals  to  b«  separated,  on  their 
olmuei  etc  It  mny  therefore  ver^  well  occur  that  a  speciva  of 
ctwlMa  ore  may  contain  lamillar  fragments  of  pure  Tnetollifcrous 
and  cubic  or  spherical  pieces  of  gangue.  which  Devcrlhele«s 
throagh  the  same  siere;  anil  that  therefore  the  ore,  which 
]tj  rinue  of  iis  greater  specific  gravity  tends  to  fall  faster  throagh 
M  wat«r  than  the  gangae,  vill  still  form  the  upper  layer  of  the 
i)ont«,  OQ  account  of  the  greater  resistance  tlie  liquid  offers  \\B 
fragments  compared  with  that  opposed  to  the  cobic  pieces 
ae.  As  all  these  circumstances  present  themselves  simal- 
in  practice,  the  separation  of  ores  from  their  gangoe  is 
from  being  aa  perfect  as  it  would  be  if  the  simple  eases 
It  Dowsapposed  could  be  realized. 

$  73S.  The  separation  of  ores  into  pieces  of  an  equal  size  is  of 
ich  importance,  that  it  is  frequently  done  with  the  pieces  which 
iTe  already  been  sorted  by  hand,  or  vrith  the  larger  pieces  from 
be  crushing  cylinders.  Fig.  465  represents  the  swing-«ove  (er&le 
Itteoutta)  employed  for  this  purpose,  which  consists  of  two  boies 


rig.  4CS. 

&BCD,  <f,  placed  one  abofe  the  other,  both  of  which  are  kept  in 
motion  by  the  rods  (rand  hv,  connected  with  a  water-wheel.  Part 
tf  the  water  led  into  the  first  box  by  means  of  the  cnnal  o$  passes, 


bj  the  Oftnal  g,  into  tbe  box  unJorncatb  ;  and  tlio  bottum  of  both 
boxes  coitsiata  of  a  sieve,  the  meshes  of  which  ar«  larger  in  tbe  box 
AJiCO  than  m  tbe  other.  A  part  of  tho  orb  whioii  is  placed  in 
the  upper  flieve  faJU  thruugb  into  the  eieve  ef,  where  II  is  again 
lifted ;  and  the  ore  is  thus  <lividod  into  grains  of  three  different 
sises-  Thnt  nhich  in  too  coarae  to  pass  through  the  meshcit  of 
tbe  sieve  in  ABCI>  falls  on  the  platform  tnn,  while  the  grains 
which  remained  on  the  aicvoin  r/aro  collected  in  the  box  Ira,  and 
lastly,  the  finest  quality,  wlticb  has  O'Scapod  through  the  under- 
moat  eiet'e,  is  roceirod  by  a  box  placed  directly  unclnrncnth  the 
latter. 

§  789.  A  jigging  machine  (fig.  460)  cousieta  of  &  cylindrical  box 
C,  the  bottom  of  which  ia  a  piece  of  wire-gauze  or  netting,  with 
mesbea  of  sufficient  fiaonvafi  to  retain  the  fragments  of  ore.     The 

sieve  is  suspended  by  an 
iron  bar  k,  attached  to  a 
horizontal  bar  rj/i,  and 
counterbalanced  by  the 
■weight  I';  and  is  tcpt  in 
a  tub  B,  -which  is  tilled 
■ffilh  water.  The  work* 
mun  eets  the  machine  in 
motion  by  means  of  a  ver- 
tical wooden  pole  E,  which 
19  guided  by  moving  in 
the  slider  D.  Taking  the 
ore  to  be  washed  from  the 
tabic  A,  he  hnlf-fills  the 
sieve  C,  and  then  kc(.<pd 
the  latter  in  a  lively  jolt- 
ing motion  in  the  water. 
The  sieve  receives  during 
its  descent  a  violent  cuu- 
cussion  again)<tthebot[OBi 
of  the  tub,  when  tbe  water, 
penetrating  through  the 


A--. 
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sieve,  holds  in  suspension  the  ore,  which  by  the  shock  is  for  a  mo- 
ment not  influenced  by  its  own  weight;  and  the  different  pieces 
wbich  full  back  from  the  centre  of  the  liquid  have  a  tendency  to 
separate,  according  to  the  laws  developed  above.  When  the  htiiglit 
of  the  fall  is  small,  a  numorouit  repetition  of  sbooks  has  the  same 
effect  in  separmting  the  pieces  as  when  they  fall  from  a  greater 
height.  The  workman  then,Bflersome  time,  finds — 1st,  at  the  upper 
surface  of  his  sieve,  a  layer  of  pure  ganguc,  which  can  be  thrown 
aside,  or,  at  least,  very  poor  ore,  which  must  be  stamped  to  powder 
in  order  to  separate  any  parts  that  might  bo  worth  flmelting  ;  2dlj, 
a  central  suatom,  consisting  of  fragmeuts  of  ore  and  gangue  com* 
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bined,  vbicfa  onght  to  be  reduced  in  »ix«  before  being  agitio  jigged ; 

uid  3dlj,  ftt  tbe  bottom  of  bis  sieT«,  a  layer  of  ore  of  euScient 

u>  be  smelted.     The   central  layer  is  genenlly  set  aside, 

|rlt«tt  ft  safficient  ituaatity  bus  bmui  ooUected,  is  subjoctcd  to 

jimng  vithout  being  first  reduced  in  sice,  by  which  he 

again  a  ijaantity  of  ore  fit  for  SDieUing. 

Fmli-arranged  works  the  jiggtng-maobines  are  set  in  motion 

'  irat«r-poirer,  in  which  case  app&ratas  of  n  maeh  larger  siie  may 

naed,  and  may,  aiorcovert  be  superintended  by  children. 

By  this  process  rery  small  fragments  of  ore,  of  the  diameter  of 

i  juillioietre,  may  be  purified ;  but  the  mesheA  of  the  virc-gauxe  in 

r  jigging>macbine  must  then  be  moch  finer  than  those  employed 

washing  larger  fragments. 

§  740.  Such  ore»  as  cannot  b«  soffidently  cnricbed  by  the  use 

'  dcT«9  are  sent  to  the  atftmpiDg-mill  (fig.  4t>7),  which  U  com- 

pOMd  of  a  syi* 
ten  of  stamp«r« 
PP',  consisting 
of  pieces  of  tim- 
berP',shodatthe 
lower  end  by  cast, 
iron  pieces  P. 
All  thn  stampers 
full  iiilu  a  single 
trongh  ifjthebot- 
toniuf  which  oon- 
Eists  of  a  strong 
ehect-iroa  plate, 
sustained  by  a 
solid  foundation 
of  masonry,  while 
its  aiilea  are  made 
of  iron  sieves,  or 
plates  of  sheet- 
iron  pierced  with 
holes.  A  watCT- 
whccl  mores  the 
axU  ry,  on  the  snrface  of  which  coma  are  fixed,  which,  by  lifting 
Ute  catfbe^i  m,  set  the  stampers  in  motion.  (In  thfl  cut,  the  lateral 
walU  of  the  trough  are  supposed  to  have  been  removed  from  before 
three  of  the  stampers,  in  order  to  ehow  the  iron  ends  P  of  the  lat- 
Vtr,)  The  cams  are  so  arranged  on  the  axle  ry,  that  by  always 
lifting  but  one  of  the  stampers  at  a  time,  the  strain  on  the  ma- 
chinery is  kept  as  conittant  as  possible. 

A  earrent  of  water  constantly  flowing  tbroogb  tho  trough  of  the 
rtmpiDg-mill,  into  which  ore  i«  thrown  with  a  spade,  the  parta 
widen  are  already  reduced  to  a  safficient  finenes*  flow  off  ihruugh 
as  2 
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ibft'.lMAnl  siercs,  he'mg  held  in  auspension  by  the  Trntcr,  from 
wWdh  they  tend  to  deposit  in  the  ainala  CD,  E  exlcnding  nlonc 
the  whole  IcDgtIi  of  tiiti  battery  of  stampers.  Tbcyare  iheuco  lea 
in  circuitous  nimlings,  cnllod  o.  tahi^rinth,  over  the  floor  of  iho 
building.  Tbc  coaroor  particles  are  deposited  at  tiio  heads  of  the 
various  canals,  while  the  fine  grnins  »re  cnrried  farther  away ; 
kod  as  the  waters,  which  traverse  the  channels  at  a  rcry  slow  rnte, 
are  often  etill  muddy  after  having  passed  through  th«  vliolo  ays* 
tom,  they  arc  conducted  into  large  reservoirs,  where  they  deposit 
even  the  finest  pnrticlcs  they  held  in  suspension.  The  deposit*  in 
tho  channola  is  called  tlwi/^e,  (sehlieh ;)  iphilo  that  in  the  reservoirs, 
which  resembles  u  thin  mud,  is  termed  mud  or  fine  thtdtfc,  (schlamm:) 
the  former  differs  in  Hizc  of  grain  a»  well  as  in  metallic  richness, 
according  to  the  different  parts  of  tbc  canals  from  which  it  ia 
taken,  and  is  thus  divided  into  several  claases,  each  of  which  is 
separately  subjected  to  further  cporationa. 

Tho  eludgo  is  washed  in  three  different  kinds  of  apparatus ;  the 
depetU-lrnugh,  (caidse  ti  tombeau.)  the  vleepitig-taUe  or  nicking- 
buddle^  (table  dormante,)  and  the  percusnon-talle  or  brake-tahUy 
(t&ble  i.  eecousse.) 

§741.  The  physical  principles  on  which  the  Tashing  of  sludge 
is  founded  are  rather  different  from  those  of  the  washing  in  sieves, 
as  the  latter  is  applicable  only  to  fragments  of  a  certain  tAr.G.  The 
ore  no  longer  ftcts  by  its  weight  in  a  quiet  hquid,  bat  is  in  this  caao 
submitted  to  the  action  of  running  water  on  an  inclined  plane.  The 
impalse  imparted  to  the  diffcrtftt  pieces  by  the  water  bcin^  now 
proponionni  to  their  8urfa.ces,  but  indepenileut  of  their  volumes 
and  densiiics,  they  would,  ^rcre  tlicir  surface*  equal,  bo  carried 
more  or  less  far  by  the  impubc  of  the  li(]uid,  according  to  their 
veight ;  and,  if  their  form  were  similar  at  the  samo  time,  those 
of  the  least  specific  gravity  would  bo  carried  fartlicat.  But  if  their 
densities  and  volumes  were  equal,  those  presenting  the  grodtcst 
extent  of  surface  would  ho  deposited  farthest  off;  and  lastly,  with 
«qna)  densities  and  forms,  tho  smaller  particles  would  go  farther 
than  tlie  larger  ones,  bccaosc  they  present  the  greater  rclatjvo 
extent  of  surface.  We  see,  therefore,  that  in  these  new  opera- 
tions, as  well  us  in  washing  with  sieves,  tho  separation  of  the  ore 
depends  not  only  on  lie  spucific  gravities,  but  also  on  th«  volumes 
uid  fonas  of  the  small  pieces ;  for  which  reason,  the  oro  to  be 
waihed  must  be  of  ixx  e([ual  a  grain  as  possible. 

J7-*2.  Tho  dtpotit-trougk  consists  of  long  wooden  troughs  RC 
(fig.  468),  the  bottoms  of  which  arc  sliebtly  inclined,  and  closed  at 
their  extremity  C  by  a  board  pierced  with  several  holes  at  different 
heights,  which  arc  closed  with  stoppers  during  the  operation.  The 
lladge  to  be  washed  is  placed  on  the  benches  A  at  the  head  of  the 
machine,  where  it  is  met  by  u  current  of  n-ater,  which,  taking  the 
^CO  suspension,  falls  into  the  boxes  BC,  and  there  dcpoeits  it 
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luain  at  different  disUnceB  from  tbe  b«iich  A,  while  the  finest  pflr- 

'  cles  Btill  remain  in  the  water  and  render  it  muddy.     Aa  soon  as 

axes  are  filled  with  wutor,  tbe  suppljing  etroa^iu  ia  turned  off, 

'the  openings  at  the  extremity  0  •«!  uncorked;  tbe  muddy 

rater,  then  raDDiog  through  the  canal  CU'  and  a  STstcm  of  troocoB 

'into  reservoirs,  there  deposits  tho  particles  it  airricd  nvay.     fto 

irauhing  of  a  fresh  quantity  of  ore  is  then  begun  immediately,  the 

■lodge  and  mad  of  which  13  again  borne  by  tbe  water  to  tho  reser- 

Toirs  and  there  deposited ;  au  J  no  on  until  the  deposit  bos  attained 

.the  thickness  of  a  foot  or  two  ;  each  operation  differing  from  tho 

|former  only  in  the  manner  in  which  the  water  is  let  oS*  through  C, 

t  each  time  a  higher  opening  is  uuplugged. 

The  deposile  of  ore  in  the  hot  torn  of  tbe  box  AB  is  divided  into 

[three  parts,  whieh  are  treated  separately  in  the  subsequent  opera- 

rtiooa.    Tho  sludge  on  tho  highest  part  of  the  inclined  is  often  rich 

^nongh  to  b«  sent  to  the  farnacea  at  unce;  while  the  dvposite  on 

tntre  and  lowest  part,  the  latter  of  which  is  tho  poorest,  are 

cted  to  new  washings,  eittier  in  the  machine  Just  described  or 

00  the  percOMiion  or  the  sleeping-tables. 

§  743.  The  aUcpiiiff-tohltJi  (sometimes,  called  in  the  French,  taHet 
\jumeilrt,  from  their  being  generally  arranged  in  pairs)  consist  of 
IlBoUned  tables  Alt  (fig.  461)),  from  20  to  24  feet  long,  fnrDiehcd  wilK 
Icrs  of  wood,  serving  to  keep  the  water  running  over  them  lu 


Fig.  id. 
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iu  place.     At  the  head  A  of  the  table,  two  laths  are  set  at  llin 
angle  BAC  (6g.  ^TO],  oa  a  plane  which  is  more  inclined  than  the 

long  plane ;  and  between  which  only 
a  fitnall  aperture  A  is  lefl,  through 
which  the  water  with  euapcnded 
sludge  is  introduced.  Small  trioD- 
gular  prisma  of  wood,  set  up  on  this 
inclined  plane,  oqna.lly  divide  the 
arriving  stream,  ajid  cause  the  water 
to  flow  in  a  imiform  layer  over  the 
whole  eurface  of  tlie  plane.  The 
ore  to  he  washed  is  tlirown  into  a 
trough  M  (fijr-  460),  into  which  a 
thin  sircain  of  water  is  conatfiDtly 
falling,  and  where  it  is  constantly  kept  in  motion  by  a  Bmall  buchct- 
wheel,  which  again  is  mored  by  an  overshot  water-wheel,  fed  hy 
the  canal  oo'.  The  ore  is  thna  put  in  suftponsion  in  the  water, 
which,  continually  flowing  into  a  canal  placed  lengthwise  at  tbo 
head  of  the  tables,  finds  its  way  on  to  the  sleeping-tables  through 
the  openings  A  (fig.  410) ;  and  tlie  plane  A  (fig.  4G9),  on  which  it 
first  arrives,  being  too  much  inclined  to  allow  any  ore  to  deposit, 
the  forming  of  a  deposite  first  commeacea  on  the  tables  intended  for 
the  purpose.  Here  the  ridiest  parts  will  form  the  sediment  at  iho 
higher  end  of  the  table,  while  tbe  poorest'  grains  will  only  be  de- 
posited at  the  bottom  of  the  inclined  plane,  or  eren  carried  away 
into  the  canal  CC,  which  leads  them  into  other  canals  and  depo- 
siting reservoirs. 

As  soon  AS  the  tabic  is  covered  with  a  sofficient  quantity  of  ore, 
the  workman  cut*  off  the  further  supply  of  sludge,  and,  after  laving 
swept  all  tlio  ore  lying  between  A  and  %nf  towurde  A  with  a  broom, 
allows  a  current  of  clear  watL-r  to  flow  over  tlie  tables,  by  which 
the  ore  is  again  spread  over  the  latter  ;  and  while  the  poorer  parts 
collect  towurda  the  bottom  of  the  incliucd  plane,  that  lying  on  the 
higher  parts  can  in  general  be  at  once  sent  to  the  smelting- works. 
The  tabic  has  at  lu'  a  transverse  opening,  which  remains  closed 
during  the  wosbing  by  a  valve,  which  should  not  project  above  tbo 
toblc;  but  nt  the  close  of  the  operation,  the  valve  being  opened,  the 
workman  sweeps  the  sludge  through  the  opening  uv  into  boxes 
phtccd  beneath. 

The  sleeping- tables  are  more  or  leas  inclined,  according  to  the 
nature  of  the  ore  to  be  washed ;  the  finest  ores  rciuiring  the 
greatest  inclination. 

§744.  The  pcrcnssion -table  serves  for  washing  the  same  kinds 

cf  ore  as  the  ak-t-ping-tahle,  the  one  or  iLe  other  being  preferred 

Mecordiug  to  the  nature  of  the  ore  and  gangue  in  each  special  ease. 

[The  pervuasioQ-tahle  consists  of  nn  inclined  board  BG  (fig.  471], 

LTcsting  on  beams  of  wood  to  give  it  greater  weight  and  solidity. 


J 


FKEPASAnOS   OP  OSBS. 


« 


The  whole  ie  Bii9p«nd«d  io  lh«  ur  b j  four  cbaiiu  or  bars  of  iron 
o^  a'b'.  It',  ft',  of  Khich  the  former  two  arc  attached  to  fixed  sop- 
poTts.  while  the  ehaina  ff',  It'  iro  fited  to  b  long  movable  lever  LL', 

rhirb  tarns  by  the  axis  00',  and  serves  to  vory  tho  depree  of  in- 
LtioB  of  tbe  plank  BC,  being  hold  in  the  height  desir«d  by 

leans  of  iron  pins  entering  the  lionwQtal  beam  xif. 


\^' 


r    <. 


-  tn. 

The  cams  <w  on  tbo  axle  XX'.  which  is  turned  by  a  watcr-wbe«t, 
act  OD  a  curred  wooden  Icrcr  K,  wbicb  puehes  forward  tbe  SBs- 
Mnded  p1»nfc  BC,  and  imniedi.itelj  abandons  it  again,  so  that  thm 
utter*  faUiog  forcibly  back  against  tbe  wooden  sapporting  beams, 
rrajves  a  violent  shock  tbroughoat  ita  whole  roaM.  Above  tbe 
bead  B  of  the  kuapeoded  plans  is  a  triangular  inclined  plane  A, 
fortified  with  small  pri<ims,  and  similar  to  that  in  fig.  470. 

Tb*  or*  to  be  washed  :3  heaped  in  the  box  V,  which  r<c«ircs  a 
cootiiuiat  stream  of  water;  from  there  it  spreads  over  tbe  slope  A. 
lUtd  tbe  suspended  plank  BC,  where  it  has  a  tendeeej  to  deposit. 
j  Bat  the  v-iotent  shocks  the  plank  is  oottstantly  rcceiriu^  eaoMl  die 
'  |iarticles  to  be  continanlly  detached  and  taken  into  nupennon  ij 
tbe  water ;  eo  that  they  are  then  under  the  most  favoorable  ctr- 
cvBisuneeg  to  be  carried  off  precisely  according  to  the  order  of 
their  detiaity  and  siite.  Tbe  inclination  of  the  plank,  tbe  rioIcBce 
and  fre<|ueticy  of  tbe  shocks,  and  the  nnaotity  of  water  holifi^  tbe 
■bdge  in  suspeostoo,  ar«  varied  acconiing  to  tbe  natera  of  tbe  ore 
to  be  washed. 

ST4<>.  By  these  different  methods  of  washing,  shwIgM  of  graater 
or  lesH  finene^  of  ginin  and  richness  ia  neUl  an  obcsinei, 
are  sorted  accordingly.  Each  of  then  kinds  «f  shdg*  ■ 
sabjectcd  to  a  chemical  test,  to  ssccrtaia  tbetr  natsre 
in  metal.  They  are  then  mixed,  aceotdiag  to  certain  prvpsRi«t 
which  practice  has  fihown  to  be  tbe  most  eoDvenient,  foreign  lifr* 
stauees  being  added  if  necessary.  Theae  mtstores,  eatM 
are  then  ready  for  fusion  in  the  funtaces. 
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The  mechanical  preparaUon  of  ores  is  one  of  the  most  important 
operations  in  the  extraction  of  certain  metals.  Great  inteUigenee 
is  required  in  the  arrangement  of  such  works,  as  the  processes 
vhich  perfectly  succeed  in  one  locality  may  be  quite  inefficient  in 
another,  where  the  ore  occurs  in  a  different  gangue  or  presents  a 
different  state  of  aggregation. 

The  adjoined  plate  gives  a  connected  view  of  the  different  appa- 
ratus for  mechanical  preparation  and  washing  just  described,  as 
well  as  the  succession  of  canals  and  arrangement  of  the  depositing 
reservoirs,  which  are  generally  placed  under  the  flooring  of  the 
building.  The  canals  and  basins  form  a  large  labyrinth,  the  cor- 
responding parts  of  which,  coming  from  different  washing-machines, 
unite  at  points  where  the  muddy  water  contains  simitar  substances 
in  suspension.  The  whole  apparatus  is  moved  by  the  same  water- 
wheei  RR'. 
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rOANESE. 

EQtTiTALBnT  =  28  (350 ;  0  =  1(W.) 

{  746.  Man^ncae*  is  obtained  by  reducing  oce  of  its  oxides  hj 
brcoal  at  a  high  tetnperatare.  A  pure  and  Tei7  dense  protoxide, 
ItUined  bj  subjecting;  carbonnte  of  manganese  to  strong  calcina- 
oa  in  s  closed  crucible,  is  mixed  with  y,  ita  weigbt  oF  charcoal 
id  f'o  of  fi»ed  borax,  and  heated  to  the  highest  possible  tempera- 
ire  in  n  forge-fire,  in  a"braaqDed"  orcbnrcoal  crucible.  The  borax 
Ided  faeilitates  the  union  of  the  mctnllic  zlobnle-s  into  a  button, 
cikrbaretted  metal  thua  obtained  is  bo  toe  pure  metal  m  caat- 
iroQ  is  to  malleable  iron,  and  may  be  pari6ed  by  & 
second  fasion  icith  a  amslt  quantity  of  carbonate  of 
mangancae,  in  a  small,  well-closed  porcelain  crucible, 
luted  into  an  earthen  crucible,  as  shown  in  fig.  473. 
The  manganese  thus  obtained  possesses  a  certain 
degree  of  ductility;  and,  although  it  may  bo  filed, 
breaks  under  the  blow  of  a  hammer,  showing  a  gray 
fracture  much  resembling  that  of  certain  kinds  of 
cast-iron.  Ita  specific  gravity  is  about  S.O ;  and  it 
is  U  difficult  of  fusion  us  iron. 
Uanganese  has  a  great  aJHuity  for  oxygen,  as  its  surface  becoraes 
tarnished  by  exposure  to  a  moist  atmosphcro,  and  covered  with 
dark-brown  rust.  It  dccompotM^  water  slowly  at  ordinary  temper- 
atures with  the  evolutJon  of  hydrogen,  but  eflfects  rapid  decom- 
pwition  at  212°.  By  bloning  on  apiece  of  manganese,  the  same 
disa(rreeable  odonr  ia  perceived  which  ie  given  off  by  a  carbarettod 
metal  dissolving  in  a  weak  acid.  To  preserve  the  metal,  it  must 
be  kept  from  contact  with  the  air,  and  is  therefore  generally  kept 
ia  naptba,  like  potassium  ;  but  it  is  better  to  put  the  button  in  > 
hermetically  sealed  glass  tube. 


Fig.  4TS. 
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COMBINATIONS  OP  MASGANESE  WITH  OXVOEY 


{  747.  Five  compounds  of  manganese  with  oxygen  are  known; 
the  firet  of  which  MaO  is  a  strong  base ;  the  aeooud,  Mn.O^  plays 
the  part  of  a  very  weak  base ;  the  third,  MnO^  is  neilhor  base  nor 
add;  while  the  two  last,  MnO,  nnd  Mn,0„  arc  well  ohurncterised 
acids. 


*  P«T«ii(te  of  auaiMMai  fcu  beea  known  for  k  long  lime,  but  tl  wu  aoi  mrtU 
n; I  i}iat  8cbMt«  prond  il  to  ba  a  F««nliBir  oxide,  rrom  whioli  Qftbu  obUui«d  llie 
Mtikl  HTvnl  j«an  ttw. 
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Pie-  ITS. 


Protcxide  of  Mangancae  MnO. 

§  748.  Protoxide  of  manganese  is  obtained  by  reducing  one  of 

the  bigber  oxides  of  the  metal  with  hydrogen,  or  by  calcining  tlie 

earbonate  witbout  the  contact  of  air;  vrhich  is  cRVct«d  by  plncing 

^  the  carbonate  in  a  glass 

'  bulb  A  (fig.  478),  blown 

on  &  tube  ah,  and  com- 
mimii^nting  wii.}i  an  »}>- 
paratiiH  disengaging  dry 
hydrogen  gasi    As  sooq 
as,  the  air  is  completely 
driven  out  of  the  appa- 
ratus \>y  the  hydrogen, 
the   bulb  A   i^  lieutcd 
with   an   alcohoMamp ; 
vhen  the  cnrbonate,  disengaging  its  carbonic  acid,  leaves  tlie  prot- 
oxide, the  hydrogen  preventing  the  lattt'r  from  being  surrounded 
by  air.    The  parts  h  and  e  of  the  tube  {6g.  47-11  arc  tUen  drawn 
^  out  and  cloBed  by  laeEns  of  a  lamp.  The 

protoxide  of  mnnganese  thus  prepared, 
13  a  cleat,  delicate  green  powder,  which 
Fig.  471.  oxidizes  rapidly  in  the  air,  unless  it  has 

been  subjected  to  a  sligbtly  elevated 
tcmpernture.  The  protoxide  is  better  Aggregated  and  less  change- 
able when  the  decomposition  of  the  CBrbonnte  has  been  effected  in 
a  porcelain  tube  strongly  heated  in  a  revotberatory  furnace. 

By  heating  native  peroxide  of  manganese,  or  a  large  inass  of 
carbonate,  in  a  "  brasqued"  crucible  in  a  forge-fire,  a  well-aggre- 
gated, line  green  innsa  is  obtained,  which  the  air  dwea  not  nifect  at 
ordinary  tompnratures.  The  surface  of  the  mass  often  eonsists  of 
a  thin  pellick  of  reduced  metal ;  but  a  complete  reduction  is  not 
propagated  by  cementation,  the  immediate  contact  of  charcoal  being 
oseential. 

Protoxide  of  manganese  is  a  powerful  base.  Caustic  potOMa 
prccipitutes  it  from  its  solutions  ag'Khite]iydratcdproto,\ide,  which 
rapidly  changes  iuto  brown  ftescjuiaxide  by  absorbmg  oxygen  from 
the  atmosphere. 

Saquioxide  of  Manganene  MnjO,. 

$749.  Sieaquioxide  of  mangane-ic  JInjO,  occurs  crystallized  in 
nature,  both  in  the  anhydroiin  and  bydreted  state;  the  lallcr  much 
resembling  in  ila  oxt<>rnal  appcarnnee  the  peroxide,  with  uddch  it 
is  often  associated.  I!ut  the  two  oxides  are  easily  distinguished  by 
llie  colour  of  their  streak  or  powder,  that  of  the  peroxide  being 
dark  gray^  while  that  of  tLo  scsf^uioxide  is  biovD. 


OXIDES   OP  iUVQASBS^ 


Peroride  of  Manganei«  SfnO, 
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$  750.  This  oxide,  the  most  abundant  of  all  the  oxides  of  man. 

|E&oes«,  IE  aUo  the  most  valuftbl«,  from  its  property  of  giving  with 
I  chiorohydric  acid  tbe  groalest  qoantity  of  chlorine.  It  occurs  crys- 
rimlltted  in  flongatcd  prisma  of  a  gray  colour  and  metalttc  lustre. 

Hydmtcd  peroxide  of  manganese  ifl  obtained  na  a  dark-brown 
I  |>onder  by  decomposing  manganato  of  polassa  iritb  hot  nalcr,  or 
1  «y  poBBtDg  chlorine  through  water  containing  carbonate  of  nutnga* 
[nese  in  suspension. 

By  calcining  peroxide  of  maaga&e^c  in  on  earthenware  retort 
(until  the  evolotion  of  oxygen  cesses,  n  brown  powder  containing 
I  ij.ij  per  cent,  of  oxygen  la  obtained,  with  tho  formula  Mn,0,.  It 
[is  generally  called  reS  aride  of  manyanetf,  and,  as  il  behave*  as  a 

cvmbiaatioQ  of  protoxide  vith  sesi)iuoxide,  is  of^cn  written  MnO, 

Mn,0, ;  for  when  it  is  treai^  with  an  acid,  protoxide  is  disaolred 
I  «Dd  eesqoioxide  remains. 

Manganic  and  Permanganic  acida  MnO,  and  Mn,0,. 

%  751.  The  two  acid  combinations  of  manganese  with  oxygen 
'are  obtained  by  treating  caustic  potassa  with  pcroxido  of  manga- 
nese, either  with  access  of  air,  or  with  substances  possessing  high 
oxidixing  properties.     Ry  heating  equal  proportions  of  finely  pow- 
dered peroxide  and  cnui^tic  potassa  without  access  of  air,  and  dis* 
IsotriDg  tbe  substance  obtained  in  cold  water,  a  green  eolution  is 
[fonDed,  and  a  mixture  of  hydratc-d  .trfi(|uioxide  and  binoxide  re- 
suJBB  as  a  reddish-brown  powder.      The  green  liquid  contains, 
hesides  some  potnssa  in  excess,  mang<mate  ofpcta»m  KO,MiiO  ,  a 
'  portion  of  tho  binoxide  MnO,  having  been  reduced  to  sesquioxido 
I  Mn,0„  by  giving  off  oxygen  to  another  portion  of  the  binoxide, 
which  was  thus  oxidized  to  manganic  acid  MnO,.     A.  greater  pro- 
porttoQ  of  mangAuate  of  potossu  is  obtained  bj  making  the  calcina> 
lion  in  tho  air;  or  still  better,  in  an  atmosphere  of  oxygen.  Some 
peroxide  of  msogaucse,  reduced  to  an  impalpable  powder,  is  well 
mixed  with  some  caustic  potasea  dissolved  in  ns  little  water  as  pos- 
sible ;  the  paste  is  dried  iii  a  porcelain  capsule,  and  introduced  in 
fragments  into  a  class  tube  difficult  of  fusion,  communicating  with 
a  retort  filled  with  chlorate  of  potassa.      Tho  tube  is  heated  to  a 
dull-red,  and  at  tbe  same  time  oxygon  is  discngrtged  by  heat- 
itig  the  chlorate;  but,  in  order  to  obtain  a  considerable  quantity 
of  manganate,  the  oppnitiou  <^liould  ho  coutiuued  for  some  time. 
The  substance  gives  witli  cold  water  an  intense  vmcrald-greea 
solution,  which,  after  being  filtered  through  a  small  plug  of  asbea- 
luB  placed  in  the  bottom  of  a  glass  funnel,  ia  evaporated  under  the 
receiver  of  an  air-pump,  over  a  capsule  filled  with  concentrated 
sulphuric  acid,  when  beautiful  green  crystals  of  manganate  of 
Vot  II. -c 
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potassa  are  obtained,  gcDcr&llj  mixod  with  wbito  crystula  of  hy 
drated  potassa,  whicli  may  be  easily  separatod  by  hiina.  The  ^reen 
oryatftjs  are  forced  from  the  mother  Hquid  still  moietemD^  them, 
by  placing  thctn  for  a  time  on  a  piece  of  uaburced  porous  cla.y. 

The  green  crystals  of  toangaDate  of  potassa  KO.MdO,  dissoU'e 

[iritliout  cbxnge  in  a  salutinn  of  cauatic  potnasa,  and  arc  again  de* 

IjwsJtcd  on  ovaporating  the  licjuid;  but  on  dissolving  them  in  pure 

Tirater  immedLate  decomposition  takes  place,  the  colour  of  the  boIu- 

[tion  changing  to  a  beautiful  red,  and  a  brown  precipitate  of  brown 

bjdratcd  pcroxidfl  being  formed.     The  red  solution  then  contains 

permanganate  cfpctaaxa  K0,Mii,O,.     The  easy  det'omposition  of 

Danganic  acid,  even  when  in  combination  uilh  as  ntmng  a  base  as 

tpotasfia,  renders  it  impossible  to  obtain  the  acid  itioluted. 

I      By  heating  peroxide  of  manganese  with  soda  or  baryta  in  con- 

jtactwith  oxygen,  tlie  manganates  of  soda  and  baryta  are  obtained, 

jibe  latter  of  which  is  a  green  powder,  nearly  iuaoluble  in  water. 

When  the  green  mass  containing  the  mixture  of  manganate  of 

potassa,  caustic  potassa,  and  oxide  of  manganese  is  di3aol7ed  ia 

boiliuff  water,  and  boiled  for  several  minutes  longer,  aa  intense 

red  Bomtion  is  obtained,  which,  after  being  filtered  through  aabestus 

end  evaporated  tinder  the  receiver  of  an  air-pamp,  gives  prismatic 

[iiarlc>rca  crystals  of  permanganate  of  potassa.      But  the  most 

[•impte  process  for  obtaining  thi.s  substance  in  any  <|uantity  is  the 

following  : — One  part  of  peroxide  of  manganese,  reduced  to  impal- 

ipable  powder,  is  mixed  with  one  part  of  chlorate  of  potussa, 

and  on«  and  a  quarter  parts  of  caustic  potassa,  dissolved  in  the 

least  possible  quantity  oi  water,  are  added :  the  pa«te  thus  formed 

.  is  dried  in  n  porcelain  criiethle,  during  which  process  a  considerable 

Lquantity  of  maQgaaate  of  potassa  already  forms.    The  whole  ts  af- 

ptrds  heated  slowly  to  n  dull-red  in  an  earthen  crucible,  then 

lad  with  water  in  a  glass  llaek,  filtered  through  osbcatus,  and 

ItLe  liquid  concentrated  in  a  porcelain  capsulo  orer  an  alcohol- 

[]amp,  whoa,  on  cooling,  cryetals  of  permanganate  of  potassa  arc 

deposited,  which  may  be  purified  by  recry stall iiatiou.      IVrmaii- 

gaoate  of  potassa  is  not  very  soluble,  as  it  req^utrcs  16  parts  of 

water  to  dissolve  1  of  the  salt  at  51'°,  while  warm  water  will  dis- 

bo]t«  maoh  more. 

On  adding  nitrate  of  silver  to  a  hot  solution  of  permanganate  of 
I  potassa,  fine  crystals  of  permanganate  of  silver  are  deposited  on 
,  cooling,  from  which  other  permanganates  may  be  prepared  by 
adding  to  it  an  equivalent  quantity  of  a  metallic  chloride,  for  the 
silver  combining  with  the  clilorine  leaves  its  permanganic  acid  to 
combine  with  the  metal  which  existed  as  chloride.  After  rubbing 
the  two  Bubfltoncca  with  water,  the  chloride  of  nilvcr  may  be  acpa- 
r&ted  by  decantation  or  by  filtration  through  asbestos. 

Free  permanganic  acid  can  be  obtaineil  in  atiiieons  solution  by 
decomposing  permanganate  of  baryta  with  sulphuric  acid,  added 
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PE0T08AI.T8  OP  M.INOANESE. 


§  7S2.  The  protosaJts  of  manganeBo  are  of  an  araothjet,  or  light 
rose  colour,  which,  however,  very  soon  changes  by  agitating  the 
liquid  in  contact  with  the  air,  or  even  by  pouring  it  from  one  vea- 
Bel  into  another.*  CaiistJR  potnsea  or  eoda  precipitatea  white  hy- 
flrated  protoxide,  which  Booa  changea  to  brown  iu  tho  nir;  while 
ammonia  tins  the  same  effect  in  a  smaller  degree,  a  similar  phe- 
nomena taking  place  to  that  montioued  ui  §  589  for  the  salts  of 
iDBgnesin,  riz.  that  the  ammoniacal  ealt  formed  combinen  vrith  the 
Ball  of  mang.iniese,  and  gives  a  douhle  salt  which  an  excess  of  am- 
monia will  not  decompose.  A  perfect  precipitation  cannot  there- 
fore bo  effected,  whatever  may  be  the  (|U!intity  of  ammonia  added; 
for,  if  tho  salt  of  manganese  is  ncntral,  the  first  drops  of  ammonia 
precipitate  some  protoxide,  hut  at  the  same  time  a  corresponding 
quantity  of  ammoniacal  salt  is  formed,  which  is  soon  present  in  suf- 
ficient quantity  to  form  with  the  Bait  of  mancaneso  yet  in  solution  a 
soluble  double  salt  which  is  not  decomposed  by  ammonia.  An  excess 
of  ammonia- redisaolvcs  the  hydrat<d  protoxide  already  precipitated, 
by  entering  into  combinatioa  with  it,  unless  the  precipitate  has  not 
already  changed  to  brown  sesquioxide,  which  is  insoluble  in  am- 
monia. By  exposing  the  ammoniacal  solution  of  protoxide  to  the 
air,  oxygen  is  absorbed,  and  the  mftnganese  is  at  last  completely 
precipitated  as  hydratcd  sesquioxidc. 

The  alkaline  carbonalvs  give  a  dirty  \Tliitc,  and  fcrrocyanide  of 
potaMiom  a  roso-coloured  proeipitatc.  The  alkaline  snlfhydrntee 
precipitate  the  protosalts  of  manganese  with  un  orange  colour,  and 
inlfhydric  acid  will  not  throw  them  down  iu  the  presence  of  a  slight 
excess  of  aoid,  sulphide  of  mungaucso  being  easily  decomposed  by 
weak  acids. 

Sulphate  of  SXangarme. 

%  753.  Sulphate  of  manganese  is  obtained  by  heating  native 
|»eroxido  with  concentrated  sulphuric  acid,  whilo  oxygen  is  circn 
off;  but  the  residues  of  red  oxide,  which  remain  after  the  calcina- 
tion of  peroxide  for  obtaining  oxygen  gas,  are  also  profitably  eir- 
Sloyod  for  this  purpose.  The  sulphate  is  also  sometimes  prepared 
y  heating  the  protochloride  of  manganese  obtained  hy  the  prepa- 
ration of  chlorine  with  sulpharic  acid.  The  sulphate  crystalliites 
with  different  quantities  of  water,  and  in  different  forma,  according 
to  the  temperature  at  which  the  crystullizatiou  takes  place  :  thus, 
when  the  temperature  is  below  4:1",  the  crystals  contain  7  cquiva- 

*  Tli«  jnak  oolvur  of  protoHillo  uf  nangiLiicne  1  Uarii  foitad  to  W  uioitlj-,  if  not 
■Iwitj's,  <lu«  to  ibo  prrtvnco  of  a  cnitint*  pBTCcut*Ko  of  coliult.  nhicb  ia  Vi.xa1y 
Abeent  from  ihn  otrii  t>i  mart^antMC-  [  bnvc  thf*c  ores  cdblatuiiig  front  D.Ol  up  to 
7.0  per  e«Bt.  or  osido  of  cob»]t — J.  C.  B. 
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lenta  of  vst«r,  and  are  iaomorpbous  nitb  ealphate  of  irao,  KcO, 

SO,+  TnO;  vKile  tlie  cnrBtala  formed  it  &  tomporature  betwom 

J**  and  68"  present  the  lonn  of  sulphate  of  copper  CuO.SU,+ 

tnO,  the  salpbate  of  manganese  also  contniiuDg  H  efiDiralciits  of 

Iflslly,  between  68*  and  86°  the  ealt  crystaUizcfl  wilb  i 

Itdraleots  of  water,  and  in  isomorphou-s  with  tbe  Hulpbate  of  iron 

PeO,SO,+4nO,  which  bag  also  teen  obtained  crystalli»d.  Tb«M 

re  importatit  fkcLs  for  the  tbeorj  of  i.soniorphi»ui. 

Cariimate  of  Jfanganete. 

§  7&4.  Carbonate  of  mangaocse  occurs  in  nuturo  in  rhombohe- 

vhidi  present  the  aamo  form  as  those  of  carbonaLo  of  line. 

an  pmmOy  of  a  rose  or  violet  coloar.   CarbMutU  of  irou  aod 

rbonate  of  fine  frequently  replace  jiart  of  tbe  carfceasla  of  ana- 

lese  in  ibc  aMMB  ajital,  thus  oflenng  a  new  proof  of  the  'uotavi- 

of  tbe  frvtoxides  of  iron  and  mannneee.     CaHwoat*  of 

e  Bar  be  obtained  aa  a  dirtj  vmt*  porder  Vr  *4lBy 

of  tvU  to  a  Bolatioa  of  nlpwu  «r  dttorid*  «f  mmg^ 

It  ia  MUfe  in  vater  ''«**■"■■§  eariaafc  »M, 

Other  nhi  if  ■mriBcrr  vt  Miljr  iliiiiiiil  hj  • 
rbonate  in  tl» 


i75S.  Altho^i 
aalta  it  foraa  are 
axide  of  iaa»ganii 
rith  a  beutilU  xcd 

potana  or  aniiBOMa,  jtait  ly  i 
'  a  tnie  mangMiie  aioB  K04^ 
of  whi^  prorea  Ha^MOBle  (f 
,  *ftd  AM  a  eoahiutiaacf  I 
Qcca  instantlr  chaagt 
»te,  the  Hqmd  lo^M  iti  < 
Bte  which  ia  often  naoe  oae  nf  in 
ihether  an  oxide  k  |iriMem  hi  in  hi^i^  Ka^ 
aple,  to  aecertain  vtaiher  wfifAmnK  mad  «■ 
I  add,  or  vhetber  Bftao  Iw  fr«*  bwm  thnm 
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S  75«.  A  b^dnted  pfotoa^pUAi  tf 
adding  a  eolation  of  an  ifltaliBa  manaaiAf&it  Ut 
aalt  of  monganeaef  when  a  liekund  jiraeyiale  i* 
diacBgwea  aalffajdric  add  on  Md^  daaaliM  in 
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monosulphiilo  is  obtained  b}*  beating  peroxide  cf  m&ngaiicse  with 
ralphur,  vben  sulphurous  acid  is  set  free  : 

MoO.+SS-MnS+SO^ 

Th«  excess  of  sulphur  is  driven  off  by  heating  to  redness, 
the  monoBulphidc  tlius  prepared  is  almoet  nl^ays  mixed  nith  pro- 
toxide, and  may  be  obtained  in  n  atate  of  groatcr  purity  by  docois- 
posing  oxide  of  manganese  urith  sulphide  of  carbon  at  a  red-beat. 

COMBINATIONS  OF  MANG.UTESE  WITH  CKLOKINE. 

§  757.  ProtocWoridc  of  manganese  is  prepared  by  heating  native 
peroxido  with  chlorohydric  acid,  while  calorinc  ia  disonzngod ;  bat 
as  the  native  pcro-udo  alnaya  coutuiiis  a  certain  cjuanlityof  iron, 
the  KolulioQ  ugunlty  contains  Bomc  pcrchloride  of  iron,  to  separate 
■which  the  Bolution  must  be  comjjlittely  evaporated  to  dryneas,  by 
which  the  exeeKs  of  chlorohydric  acid  is  also  driven  off.  Tho 
residue  is  dissolved  in  water,  and  thu  liquid  boiled  for  some  lime 
with  a  little  carbonate  of  luanganoBC,  which  effects  the  procipitai- 
tioQ  of  tho  jpcrosidc  of  iron,  while  carbouic  acid  is  disengaged,  as 
protoxide  of  manganeae  is  a  much  stronger  base  than  peroxide  of 
iron.* 

Protocliloridc  of  maugauese  crystulllzeH  with  4  equivalents  of 
water,  one-half  of  which  it  gives  off  at  212° ;  but  when  heated  still 
higher,  it  hecomea  complet^y  anhydrous  and  at  last  fuses.  When 
fused  in  contact  with  tho  air,  tho  oxygen  of  the  latter  expels  tho 
chlorine,  and  the  protochloridc  is  converted  into  protoxide.  Ex- 
periiueots  have  been  made  to  turn  this  property  lo  technical  ose, 
Dj  rqgaiuiug  part  of  tlic  chlorine  contained  in  the  protochloridc  of 
intngaofsc,  which  ia  a  rugidue  in  the  luanufactitru  of  bleuching- 
pOKuer;  and  it  was  effected  by  rooating  the  protochloridc  ia  rcvcr- 
boratoriea,  and  leading  the  gaeeg,  which  were  highly  charged  with 
ItiiUorine,  into  the  chambers  where  chloride  of  limo  is  prepared. 
'  ^e  rousting,  which  was  dotic  at  as  low  a  ti^nipcrature  as  possible, 
converted  the  protochloride  into  8e»(|uiaxido,  which  was  treated 
with  chlorohydric  acid  lo  obliin  a  new  quantity  of  chlorine.  But, 
as  the  oxide  thus  obtained  only  gives  one-half  tho  quantity  of 
chlorine  that  au  equal  weight  of  peroxide  Would,  and  as  the  opera-j 
tious  are  too  costly,  they  aro  no  longer  continued. 

§758.  SesquichI»rid«ofinangarc3cMn,CI„is  obtained  by  treat- 
ing hydrated  scsquioxide  with  chlorohydric  acid,  without  applica-' 
tion  of  heat.     Tho  red    solution   obtained  develops  chlorine  by! 
heating,  and  changes  into  protochloride. 


*  Th«  t»m  luolubililr  of  tLv  percUlnriJe  of  iron  Is  tiffecled  b;  boating  Ilia 
BiStvrv,  irb«s  dry,  to  full  n-lntaa.-^.  C.  B, 
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DSTBBMDIATION   OP  MANGANP.8B,  AKD  ITS  BtPi 

UETAL8  PREVIOOSLr  DESCKDBb. 

1 759.  Tbc  mnngaDcse  fziating  in  a  eolotion  is  -Hufir  i 
mineil  bj  sdding  carboiuite  of  sodn  to  the  bcnitiic  Uqaid.  «i 
the  precipitated  carbonate  of  maaguieM  well  wttb  ba3ai^i 
mod  ealcintng  it  to  a  high  red-heat,  bj  wLicli  ii 
red  osiii«  Mo,0«  coQt«imag  72.11  p«r  cent,  of 
carbonate  is  dried  and  calcined  with  ita  fih«r  in  ■ 
wltich,  being  covered  vitb  its  lid,  is  pl««ed  in  a 
and  heBt«d  to  a  strong  r«d-hent.  When  the  linai! 
oxide  of  mangaacic  ia  to  bo  pr«cipitatfrd  war 
ammooiacal  aalt,  it  must  be  ovaporntcd  witli  a 
of  loda  and  the  r«sidu«  redissolved  in  wiit«r. 

S  760.  Manganese  is  separated  from  tlie  Blkatiasi 
of  carbonate  of  Bodn,  or  by  mlfbjrdrafe  of 
eipitnUfl  it  as  sulphide,  which,  afier  bflia^  m 
taintnfE  aome  eulfbydrate,  is  dijuolrcd  in  an  ndd.! 
by  cnrboDAtc  of  Bodn. 

It  is  easily  separated  from  barjta  and 
l«  of  Roda  to  tho  liquid,  vhick 
itrontia  as  sulphntos.     It  in  Bej 

ivdratc  of  ammonia,  irbich  preciphntac  unif . 

Ipliide,  if  the  itolulion  is  suScientlj  £iau, 

Ita  separation  from  alomina  and  j^hiiini  • 

Hng  Oie  liquid  for  some  time  vitii  aa 
contact  witn  the  sir,  vben  the 
iraud  Msqnioxide,  vbilo  the  two 

Alksli. 
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61.  In  works  where  bleaching' 
ititi«8  of  puroxide  of  mnitganflH 
cb  depends  on  the  quantity  of 
treated  with   chlorohjdric  acid;   b«L 
yt  mixed  vith  more  or  le«  fU^^ 
it  is  imporutct  that  the  dw^mk 
th*  qvantily  of  chlorins  whicft  m^ 
Itvdop  bj  a  simple  process. 
One  litre  of  dry  chlorine  if 
biuoxido  of  roanganeiM- 
'60 am.;  and  if  it  be  aU" 
and  water  added  anui 
i«  obtained  cont 
tWn&re  marking  100 

of  eonuneroe  wilL 


••B 

I  na 

■L'tter 

L>.-iiniDg 

■i  weight 

carbonio 


UAXaASSSS, 


icr^ 


n  solution  contaiDino;  a  Icsa  volume  of  cKloriae,  tho  quantity  of 

which,  when  determined  by  the  common  chlorometnc  processca 

{§  572),  expresses  the  tiIuo  of  the  peroxide  employed.     Suppoaing 

.  the  fjyantity  of  chlorine  found  to  be  80,  the  conclusion  follows  that 

,  Ihc  oxide  in  ((ticstion  only  gives  n  qiiuntity  of  chlorine  represented 

:  ty  (lO,  while  the  same  weight  of  pure  binoxiile  yields  a.  (|uaiiiiiy 

[represented  by  100 ;  and,  to  obtain  tho  same  [|Uantity  of  chlorine 

[ta  one  kilog.  of  pure  binoxidc  would  give,  !^  =  1.67  kilog.  of  the 

other  oxide  must  be  employed. 

§  "82.  An  average  MDopleof  tho  peroxide  to  be  examined  being 
£i-st  made  by  piclcing  3nia.ll  qujtmitica  fiom  all  parts  of  tho  ma^s,  it 
is  reduced  to  a  fine  powder,  of  which  exactly  'S.'^^S  gni.  arc  intro- 
iduced  into  a  small  flask  A  (fig.  475},  about  5  centitnetreB  in  dia- 
meter. By  means  of  a 
woll-StUng  cork  tho  flask 
ta  furnished  with  n  tube, 
bent  as  in  tho  figure,  to 
convey  tho  gas  into  a 
long-nceked  flask  B,  hold- 
ing about  ^  litre.  The 
Utter  is  placed  in  an  in- 
Fig.  47&.  clined  poaitian,  and  filled 

up  to  tho  neck  with  a  weak 
['•olution  of  caustic  potassa.     The  peroxide  is  introduced  into  the 
[flask  A  with  a  suilablo  quantity  of  chlorohydric  acid,  which  is 
tsieaaured  iu  u  tube  graduated  to  '2a  cubic  centimetres;  ami  after 
Ung  the  cork,  the  tcmpcrBtnre  is  gradually  raised.      Tlie 
Torino  first  expels  the  air  from  the  flask  A,  and  causes  it  to  611 
the  upper  part  of  the  bulb  B,  while  the  water  it  displaces  rinos 
in  tho  neck.      Toward  the  end  of  the  operation,  the  li({uid  in  A  is 
be&ted  to  the  boiling  point,  so  that  the  Bteam  generated  drives  all 
the  chlorine  into  tho  alkaline  liijiiid.     The  flask  B  ia  then  taken 
away,  «hi!e  the  boiling  is  continued  in  A  to  prevent  any  absorp- 
tion, and  the  chlorine  is  determined  in  the  alkaline  liquid  by  one 
of  cho  cbloromctric  methods. 

§763.  A  solution  of  sulphurotu  acid,  perfectly  free  from  sul- 
phuric, maybe  subatituted  for  the  alkaline  liquid  in  the  flask  B,  aa 
the  chlorinn,  when  led  into  the  former,  converts  a  corresponding 
quantity  of  siilphurous  acid  into  sulphuric,  the  quantity  of  whicli 
iii  determined  by  adding  chloride  of  barium,  boiling  to  expel  the 
excess  of  sulphurous  acid,  cuUucting  the  precipitate  on  a  filter,  and 
weighing  it  after  calcination.  The  quality  of  the  peroxide  is  then ' 
proportional  to  the  weight  of  the  sulphate  of  baryta  obtained,  S.W 
gm.  of  pure  peroxide  giving  10.6.*)  gm.  ofsnlphalc  of  baryta. 

As  the  sulphurous  acid  used  muse  bo  perfectly  free  from  sul- 
phuric, it  is  important  to  test  it  to  this  effect  before  each  dctenni- 
nabon,  which  ia  done  by  adding  a  few  drops  of  chloride  of  barium, 
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vUeb  should  give  no  predpitale.  A  etrtain  qoantity  of  cLlonde 
of  Imriam  majr  at  odco  bo  added  to  the  liquid,  no  that  sulphate  of 
barjrtA  fonns  «8  the  sulphuroos  acid  oxidizM  by  the  oxjrgen  of  the 
air;  ud  when  the  solution  is  to  be  used,  the  clear  liquid,  which 
of  course  is  free  fnun  tnlpharic  acid,  cau  be  decuultMl  off  frota  th« 
pndpitato. 

The  best  method  of  condacting  the  experiment  is  that  repre* 
seated  in  fig.  476.     Wat«r,  frtieJ  from  air  by  boiling,  and  some 


^ 


Fig.  476. 

chloride  of  barium,  are  introduced  into  th«  flask  A,  into  which,  as 
■ooo  ae  the  water  haa  cooled,  a  current  of  hjdrogcn  is  led,  Bnpptied 
generator  B.    Ab  soon  as  the  air  is  expelled  from  A  b^  the 
_aD,  a  current  of  sulphnrons  acid  gas  is  introdnced,  ubtained 
br  heating  concentrated  sulphuric  acid  with  copper  or  mercury  in 
the  fl&sk  C,  and  purifying  it  bj  washing  with  water  in  the  snmll 
flask  D.     Lastly,  the  3.98  gm.  of  peroxide  are  heated  in  the  flask 
E  with  chlorohydric  acid,  and  the  chlorine  disengaged  is  led  into 
tlu  flask  A,  where  it  oxidiies  a  corresponding  quantity  of  satpbur* 
ooa  acid  to  sulphuric,  which  precipitates  as  sulphate  of  baryta,, 
vlule  there  is  no  fear  that  sulphuric  acid  might  form  by  the  contact^ 
0(ml|thBrou5  with  the  air.     Toward  the  end  of  the  operation  the' 
limDd  in  A  is  boiled  to  expel  the  excess  of  sulphurous  acid,  the* 
OXid»tioa  of  which  is  still  prevented  by  continuing  the  streaai  of  I 
bjdrMen  ;  and  finally  the  sulphate  of  baryta  formed  b  eoUect«l  j 
oo  a  filter. 

)  ^^.  The  finely  powdered  oxide  of  mangaace*  hsj  a 
beated  with  a  eouccutrated  solution  of  oxalic  Mid!,  wiaA 
protoialate  of  manganese,  while  the  oxygen  gircn  off  hy  the  f#*] 
doction  of  the  higher  oxides  to  protoxide  courertfl  a  ,  ^ 

qaaotity  of  oxalic  into  carbonic  actd,  which  may  be  prtcipiut^d  etfj 
carbonate  of  baryta  by  being  led  into  a  solution  of  baryta,  or  be 
■tin,  may  be  conducted  into  a  weighed  bulb-apfw-atos  rnTiliaiiig 
a  ooneentrated  solution  of  caustic  potaasa,  the  increase  of  w«yht 
of  which  after  the  operation  ooReeponde  exactly  to  the 


acidl.  In  either  case  tho  gns  tmist  bo  dried  by  being  passoi  througli 
a  tnbc  oontnining  concentrated  sulphuric  ucid. 

§  765.  For  an  nccurato  estimation  of  the  value  of  nn  oxide  of 
ni«ngniiCB«  it  \s  not  enllicient  merely  to  d(!terminc  the  quantity  of 
chlorine  it  will  develop,  but  the  quantity  of  chlorohydric  ncid 
required  to  dis«ig^  tho  chlorine  must  also  fcc  found.  If  the 
oxide  is  pure  binoxide,  the  chlorine  of  ooe^tialf  of  the  ooid  is  necee- 
snrily  dispngngcd,  while  pure  Bej<qiiioxido  wi)l  only  give  one-third 
of  the  chlorine;  forivhich  reason,  in  the  latter  case,  one  itnd  a  half 
times  the  quantity  of  acid  is  required  to  gire  the  same  quantity 
of  chlorine  as  when  pure  binoride  is  uBod ;  and  lastly,  if  the  oxide 
18  mixed  with  a  gnngue  of  lime,  baryta^  or  oxide  of  iron,  these  bases 
will  neutralize  a  port  of  the  acid  vithout  disengaging  chlorine-  To 
find  the  quantity  of  chlorine  required,  the  ncidiinctric  percentage 
of  25  cubic  centimctreH  of  the  acid  employed  is  first  determined, 
and  S.98gin.  of  the  oxide  of  manganese  are  treated  with  other  25 
cubic  eontimctrcs  of  the  same  acid,  the  flask  containing  the  mixture 
being  kept  heated.  The  cKloriao  is  lost,  but  the  BtaaU  (i^uantity  of 
chlorohjdric  acid  which  might  distil  over  is  condensed  in  a  luoist 
flask  through  whieU  the  gas  Is  led.  When  all  tlie  chlorine  is  die- 
engaged,  thct  small  quantity  of  liquid  in  the  muist  Husk  is  added  to 
the  residue  in  the  lUsk  in  vfhich  tho  gua  was  developed,  the  liquid 
is  diluted  to  tho  volume  of  half  a  litre,  and  the  rouiainiug  acid  is 
detoruincd  by  adding  a  standard  alkaline  solution  until  the  pre- 
cipitate of  hydrated  oxidcH,  which  foniis  on  the  addition  of  every 
drop,  is  no  longer  rcdiiisolved  by  shaking  the  liquid.  Tfaia  export- 
meat  gives  the  quantity  of  acid  which  has  remained  fret?,  find  nhoWB, 
when  compared  with  the  former  experiment,  the  quantity  of  acid 
required  by  the  oxide  of  manganese.* 

*  The  fullowiug  i*  s  Hliurivr  njrUiud  of  teiitiiig  pcruitidcii  of  mnn^nncEo.  The 
clilarinQ  diHaKagc'l  fruiii  &  woijilii"!  quanlit.r  of  tlio  niidfi  is  cond-uotcil  into  the 
Bblulion  i>f  a  giien  i|iinnlitj  nf  a  proloiult  of  irnn,  nn  vquWnlcDt  (|uaiittt;  of  which 
it  uii'llies  to  peruxldc;  «(i  itinl,  if  tho  rrmftlning  iiuanlil;  uf  iirotuiiiie  of  iron 
which  is  deterniUeJ  witli  Eiemiadgaii&toorjiutciMa  (aa  utii!  lie  dtoorilied  in  jSO^) 
be  iubtroctcj  rrtjm  tbc  qunutily  vucitiiiiivl  >□  llii;  )irutu«alt  cmplojciJ,  the  iiffcz'- 
•bc*  will  W  iiv  prnporlion  to  the  oMoriiie  dl^ciiguged, 

Th«  iirointnll  e,t  Jrnn  httt  ftilaptc-d  to  tho  p-nrpoie  in  (he  jiratnimlphalc  of  Iran 
tad  unmanla,  which  \a  eimily  obHuntd  liy  mixing  (qtml  Tuluinds  nf  BitMi-iiWd  lolu- 
tloiuof  >n1pbiil(>  urirun  and  Bulpbauvf  kmmijnin,  wlicn  tlie  litiuld  ou  evaporating 
jrlslib  prLtiuaUc  cr)-»tiil!i  of  the  lalt,  tite  formula  of  wliicli  l>  FeO.SU^SH.t). 
60.4>0>IO.  Que  hunilrcil  grAiiiDiea  of  the  suit  urc  diaxalvtcl  in  IA3i  cubic  onnti- 
mtrca  of  water,  eo  that  tlin  snlntion  contaiua  6.41  por  oont.  of  Urn  nnlt ;  or,  614 
puta  of  tho  suit  ooTreepeDding  to  It^  porta  of  pure  protoxide,  exaotlj  ona  per 
OaaU  of  protoxide  of  iKiii :  and  tho  *tiuidard  lolutioii  tlia>  tibtaiQcd,  which  is  beet 
pivpure'l  in  Inrftpr  quantittrs  at  a  liiefi,  Is  ua«(l  (or  all  chlopotnetrio  det«naiiift- 
tlon*.  ax  w«ll  nn  fiir  that  nf  pbtT'inD. 

SuppiMiii^  ihe  <,|uaDUtyof  onda  aubjeetwl  tti  the  leal  to  be  einoHyoiin  pramme, 
and  tti«  lubnliiic*  to  be  pure  peroxide,  whiub  girea  one  eiuivitlcut  of  rhioritio; 
tjiiti  will  ihi:  lunnUtj'  of  cblurtae  dotclopcd  tic  0.&07  Km. ;  and  mifipokinj;  lli« 
qoeatitT'  of  iho  FtitDdari]  nolutiua  of  iron  cinplojrcd  to  be  200  cubic  cciilliaecreH, 
which  cootun  ^igut.af  protoxide,  only  l.lj^Jof  wlticli  u-o  ozidiud  byUiu  chlorina; 
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tk«i  viQ  tli«  0.87  gm.  of  protoiJde,  deUrmined  directlj  b;  p«nnai)guiato  of  po- 
taasK,  and  mbtrftcted  ftom  the  2  gm.  employed,  give  the  quaatitj  of  protoxide 
which  wu  oiidiied,  rii.  1.63  gm.,  which  correspond  to  0.807  gm.  of  ohlorine,  ksone 
eqinjTkleiit  of  chlorine  oxidiiee  two  equivaleuta  of  protoxide  of  iron. —  V.  L.  F. 

Another  method  of  determiniDg  the  oommercial  yftlue  of  peroxide  of  mftnguieee, 
betUr  thvi  that  described  in  the  text,  is  to  emplo;  dry  oxalate  of  soda,  which  is 
eady  prepared  and  preserved,  and  of  which  162}  grains  are  just  sufficient  for 
100  grs.  of  pore  binoxide,  in  order  that  its  oxalic  acid  ma;  Be  whollj  conrerted 
into  100  gra.  of  carbonic  actd.  76  gm.  of  the  dry  oxalat«  and  60  grs.  of  the  per- 
oxide are  introduced  with  aboat  }  oi.  of  water  into  a  small  flask  containing  two 
Mtralores,  through  one  of  which  an  8-tabe  passes,  and  through  the  other  a  email 
tab*  oenneeted  with  a  tube  of  snlphurio-pumice  or  chloride  of  calcium.  The 
wfcoU  apparatna  being  weighed  at  once,  together  with  about  200  grs.  of  oil  of 
Thriol,  tiie  latter  is  ^adnally  poured  through  the  S-tabe  into  the  little  flask. 
Ilio  oU  of  Titriol  disengages  the  oxalic  acid,'  which  is  oxidiied  into  carbonic  acid 
bytlieexeeaaof  oxygen  over  that  in  the  protoxide,  and  since  it  cannot  pass  througb 
either  escape-tabes  without  being  dried,  the  loss  of  weight  of  the  whole  apparatna 
indicates  the  loss  of  carbonic  acid  alone.  The  number  of  grains  of  loss  being 
doabled,  giree  the  percentage  of  peroxide  equivalent  to  pure  binoxide.  The  dif- 
ferent methcda  of  arranging  the  apparatus  will  be  found  in  the  analytical  chemis- 
triM  of  Boee  and  Freeenins,  and  others,  and  in  the  Encyclop.  of  Chem.  The  best 
commooal  Tarietiea  contain  from  80  to  98  per  cent,  of  binoxide. — J.  0.  B. 
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IRON. 

E<nnvAi.EHT  =  28.0  (0=100;  SoO.O). 

§  766.  On  account  of  its  nameroiis  tcclinlcal  spplications,  iroD 
is  the  most  important  of  all  the  metala.    It  is  ossd  in  three  states: 

1.  Jiar  or  tnatloable  iron. 

2.  Steel. 

8.  Crude  or  cast-iron. 
Steel  and  cftst-iron  are  combinations  of  iron  with  small  but  Tari- 

ablo  quantities  of  carbon  and  silicium. 

The  bar-iron  of  commerce  is  not  cheiDically  pnrc,  as  it  contAtos 
a  small  quantity  of  carbon,  aad  oHen  traces  of  aiticiun],  sulphur,  or 
pboBplioras,  which  latter  remarkably  affects  its  (lualit}'.  The  iroa 
Qsed  in  £ac  locksmith's  work  approaches  a  state  of  purity ;  but  tha 
purest  iron  is  found  in  piano-forte  wires,  or  ordinary  wire,  becaasa 
only  iron  of  great  purity  ean  bo  drawn  out  into  very  fine  threads. 

In  order  to  obtain  iron  chemically  pure,  some  wire  is  cut  into 
pieces  of  the  same  length,  and  tied  in  bundlcB  ;  when  their  surface 
]8  oxidized,  by  heating  them  for  a  few  moments  exposed  to  the  air, 
or  bettor  BtiU,  in  a  porcelain  tube  through  which  steam  is  passed. 
The  bundka  of  oajdmcd  iron  arc  then  [ilaccd  in  a  smalt  porcelain        ' 
cruciblct  with  a  small  <|uantity  of  powdered  class  ;  and  the  crucibta  ^Jl 
being  set  iu  a  second  earthen  crucible,  luted  externally  with  clay^  ^| 
is  heated  in  a  blast- fur naee  at  tliv  highest  temporaturo  that  can  ba  ^ 
produced.    The  nmall  ijuantitie^  of  foreign  matter  contained  in  the 
iron,  are  burned  by  the  oxygen  uf  the  oxide,  wliilo  iha  excess  of  oxide 
of  iron,  combining  with  the  gloss,  farms  a  stag.    If  the  tciaporatiire  ^J 
be  suGBcieutly  elevated  the  purified  iron  fuses  to  a  eingle  lump.  ^M 
Puro  iron  is  whiter  and  moro  molLQabU  than  the  iron  of  commerce^  ^^ 
but  less  tenacious. 

Pure  iron  may  likewise  bo  obtaioed  by  tho  reduction  of  one  of 
its  oxides  by  lirdrogvu,  which  takes  place  at  a  dull  red-hent,  and 
may  bo  elfeetod  in  the  small  apparatus  described  (fig.  473)  for 
the  preparation  of  the  protoxide  of  manganeiie.  The  metallic  iron 
raiDBioB  in  tbo  tube,  in  the  form  of  a  grayish-black  powder,  which 
may  bo  preserved  by  closing  hermetically  both  enda  of  tbo  tnba 
while  it  is  filled  with  hydrogen  gas ;  for  very  finely  divided  iron 
has  80  great  an  afiinity  to  oxygen  that  it  is  inOamcd  by  contact 
with  the  air;  a  properly  which  has  given  to  it  thu  name  of  j>yro- 
vhoric  iron.  If  the  reduction  bo  made  in  a  porcelain  tube  &L  » 
high  temperature,  the  metal  becomes  solid,  aaauming  a  metallia 
lustre,  and  no  lunger  oxidizing  in  dry  air. 
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Nov,  as  it  is  knovn  tliat  iron  heated  in  the  air  soon  oxidizea,  the 
hlackgmith  generally  throws  a  small  qntuititj  of  sand  upon  the 
bars  be  Trishcs  to  solder,  v>hicl>,  hy  combining  with  the  oxido  of 
iron,  produces  a.  very  fusible  silicate,  which,  forming  s  kind  of 
varnish  on  the  surface  of  the  metal  and  preventing  its  further  oxi- 
dization, i3  afterward,  from  ita  extreme  fluidity,  entirely  driven  off 
by  the  blows  of  the  hammer. 

§  7l39.  IroD,  cobalt,  and  nickel  are  the  only  metals  which  are 
remarkably  mapnetio  at  the  ordinary  temperature.  A  piece  of  pure 
iron  immoJi&tcly  becomes  a  mugnot,  cither  by  contact  with  or  nt 
a  short  distance  from  a  native  magnet,  its  msgnetic  properties  dis- 
appearing again  lis  eoou  ha  the  magnet  is  removed  ;  but  if  the  iron 
ia  combined  with  a  Email  quantity  of  carbon,  if  it  is  »tfl>/,  the 
magnetism  is  slower  of  development,  but  coutinuce  longer  after  the 
removal  of  the  luagacc.  A  bar  of  steel,  rubbed  against  a  magnet, 
acquires  permanent  magnetic  properties,  and  becomes  a  true  mag- 
net. The  luftguetic  properties  of  iron  dimiiUBli  rapidly  with  the 
temperature,  an  iron  ball  heated  to  a  whitish  red-heat  no  longer 
exerting  any  influence  over  the  needle,  but  recovering  its  magnetio 
virtue  on  cooling. 

§  770,  Iron  remains  uncbungcd  for  an  indefinite  time  in  dry  air, 
and  oven  in  dry  oiygen,  at  the  ordinary  temperature;  but  soon 
alters  in  moist  air,  by  becoming  covered  with  rait.  The  rust  of 
iron,  which  conBiat»  of  an  oxidtLtion  of  its  surface,  is  most  readily 
formed  in  the  presence  of  carbonic  acid,  of  which  the  air  always 
contains  a  smalt  quantity.  Under  the  influence  of  the  carbonic 
acid  and  the  oxjgeu,  ilie  surfutc  of  the  iron  la  converted  into  proto- 
carbonate,  which,  on  absorbing  a  new  portion  of  oxygen,  is  trans- 
formed into  hydratcd  peroxide  of  iron,  while  the  carbonic  acid 
disengaged  favours  the  oxidation  of  an  additional  quantity  of  metal* 
lio  iron.  It  has  been  obecrvcd,  that  when  iron  hiia  begun  to  rust 
at  any  particular  point,  it  changes  very  rapidly  around  this  point, 
which  is  produced  by  a  gdvunic  phenomenon  accelerating  the  oxi- 
dation. Tiie  irou  and  thin  biyor  of  oxide  which  forms  on  itti  surface 
constitute  the  two  clomcnts  of  a  pile  in  which  the  iron  becomes  posi- 
tive, and  thus  acquires  an  afEnity  fur  oxygen  sufficiently  great  lo 
decompose  water  at  the  ordinary  temperature,  with  the  evolution  of 
hydrogen  gas.  This  phenomenon  is  rendered  very  evident  hy  allow- 
ing moist  iron-filings  to  rust  in  the  air,  when,  after  some  time,  the 
odour  exhaled  by  hydrogen  gas*  made  from  tlie  carburetted  metals 
is  easily  recognised.  Kuat  almost  always  contains  n  small  quantity 
of  ammonia,  ili<:  presence  of  which  may  be  recognised  hy  heating  it 
with  [lotassa,  and  is  oxplaioed  as  follows : — It  has  been,  shown  (§  122) 


I 


*  Tliis  p«uIUt  odour  i«  not  exbnkd  bjr  b^drojcn  g»i,  but  i«  thiit  of  n  oertwa 
Bubiunco  cnJcd  Aiom,  knd  «bo«m  hy  UtiiuvDi  lo  b*  ft  comliiiiAlinn  of  ono  ntatn  tit 
bjdrogen  with  throeef  ntj'gon,  fhich  ronna  under  alinoBCalUiroiunBlutcM  when 
■  gulfanio  cniTCDt  it  Dctlvc  —  W.  L.  F. 
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diseDeagcQieiit  with  nitrons  funics,*  while  the  dilate  act()  dinolvcs 
it  witnoiit  any  apparent  evolution  nf  gas,  forming  at  the  samo  time 
protonitrate  of  iroa  and  altrate  of  ammonia.  (122). 


C0MPOU?fD8  OF  IRON  WTTM  OSTQEN. 

5  TVS.  Three  compounds  of  iron  with  oxygen  are  known  : 

1.  A  protoxide  FcO,  which  ia  a  powerful  bfisc,  isomorphous  vith 
the  bases  of  which  the  formuU  ia  RO. 

2.  A  Besquioxide  Fc«0„  being  a  very  feeble  base,  analogous  to 
alumina,  and  isomorphous  with  the  oxides  of  which  the  formula  is 
U,0.. 

3.  Lafitly,  an  acid  FeO„  analogous  to  manganic  acid. 

A  fourth  compound  of  iron  with  oxygen,  of  the  formula  Fe,0,,  is 
aUo  known,  and  is  called  magnetic  oxide,  but  as  it  hehaves  like  a 
compoand  of  protoxide  and  seequioxide  FeO,Fe,0„  it  is  regarded 
as  &aclL 

Pntozide  of  Iron  FeO. 

§  778.  Protoxide  of  iron  bus  hitherto  not  been  obtained 
state  of  purity.  When  »  largo  bar  of  iron  healed  to  rcdncitJ 
allowed  to  cool  slowly  in  the  air,  its  surface  oxidizes,  and  a  btoctl 
pelliclo  of  a  metallic  lustre  is  formed,  which  falls  off  under  tho. 
hammer,  and  is  called  finery  cinder.  If  a  thin  piece  of  cinder  bo 
examined  with  a  Ions,  it  is  seen  to  be  composed  of  several  layers;, 
the  outer  stratum  sliuwing  nearly  tbe  composition  of  magnctio. 
oxide  h>,0„  while  the  inside  layer,  or  that  immediately  in  eontmct 
with  the  mi-tal,  rcsomblca  the  protoxide  very  closely. 

If  a  solution  of  caustic  potaasa  be  added  to  a  prutosalt  of  iron,, 
a  white  precipitate  of  hydrated  protoxide  is  obtained,  which  sood 
tarns  green  on  exposure  to  the  air,  by  forming  hydrated  sesqui- 
oxide  by  nbaorption  of  oxygen.  If  boiling  solutions  be  uecd,  and 
the  ebullition  prolonged  for  some  time,  the  wliile  precipitate  loses 
its  water  of  hydration  and  becomes  black ;  but  the  oxide  has  such 
an  affinity  fur  oxygen  that  it  is  impossible  to  collect  it  unchanged. 
It  even  decomposes  water  at  the  boiling  point,  and  is  ultimately 
converted  into  magnetic  oxide. 

French  bottlc-gloes  owes  its  hue  to  the  presence  of  thia  oxide 
($6S4),  which  impotta  a  deep  green  colour  to  fluxes. 

*  Vht  «aDcantrAli?i]  niirie  Kcid  will  not  dluatve  pur«  ircn  tt  all,  owing  to  an 
•iMtrieoI  pbanonieijoii  bj  whlclv  theirou  L*  bruughl  lo  Ihv  pamvt  italr,  ntii  ■.'linugcit 
Iti  aiMtroposilln  poner.  The  iron  vUlcontiniiu  in  thia  iULb,  i.d(I  not  tic  nttuckvd 
bythe  moia,  eren  tta  dllutiuK  Uic  Utti^r  to  ottnfist  nnjr  ftcgret- ;  hut.  an  [ounliinj;  Ibo 
pMM  of  pMrivo  nvD,  Ijing  in  tli«  dilutcl  arid,  vllh  n  pioco  nf  oonimoD  Iron,  eucli 
H  •  k«]r,  tho  fEtlvonio  curront  proilucci  "iiy  tlio  coaUui  of  tko  tw«  pLMH^  wliMV 
ot«etromati*«  p^wor  u>  yel  <li[f«reni,  inil&iitljr  chftngeii  Ui«  paanTS  Lnn  buck  to 
it!  aktnrU  Uftl«,  u4  peitd«n  it  ioluble. —  W.l^F. 
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J  7T4.  The  acsqmoxidc  Fc,0„  or  peroxide,  i«  a  8«b3t*oce  alrao. 

'dsntlj  met  vitb  in  anture,  occurring  either  in  the  nnhyHroua  or  th« 

hjdrated  state.     The  nnbjdrous  pproxide  forms  flntiencd  rhombo- 

bedral  crrsUls,  xerj  brilliaat  and  nearly  black,  while  their  pvwder 

ID  of  a  deep  red  colour.     Mineralogists  cill  it  tpecuiar  irtm  :  it  is 

foond  in  veins  in  the  old  rocks.     In  the  fissures  of  volcanic  Uras, 

thin  and  brilliant  Uminn  of  peroxide  of  iron  are  oft«u  found, 

luTtQg  the  form  of  regular  liexagon.<t,  and  altn  belonging  to  tho 

>da83  of  specol&riroQ.    Anhydrous  peroxide  of  iron,  which  is  also 

found  in  compact  masses,  of  nji  intense  red  colour,  is  called  by  mine- 

'Talogists  red  hfmattte,  and  is  Icdovq  iu  the  arts  by  the  name  of 

\6lootMone,  a  Hubatancc  extensively  emptoyed  for  polishing  metals. 

Peroxide  of  iron  ia  prepared  artificially  by  calcininf;  protoaul- 

[pbate  of  iron,  vhen  sulphurous  and  sulphuric  acids  are  disengaged, 

f  and  tho  peroxide  remains  in  the  form  of  a  red  powder : 

2{SO.,FeO)-Fe,0,+SO, + SOr 

'Peroxide  of  iron  lima  prepared  is  known  by  the  came  o(  eoleo- 
I  liof.  and  used  for  painting,  for  polishing  sliver,  and  for  giving  the 
last  polish  to  minora.     The  intensity  of  colour  of  peroxide  of  iron 
ris  in  proportion  to  ita  compactness. 

I  Peroxide  of  iron  mar  be  obtained  in  the  form  of  small  crystal* 
[lino  lamcUfc,  of  great  lustre  and  nearly  black,  by  calcining  in  a 
,  cmciblc  1  purt  of  sulphate  of  iron  with  H  parts  of  sea-^alt.  The 
I  calcined  matter  is  treated  with  boiling  water,  which  Icnres  the  per- 
I  oxide. 

S  775.  Mtfdrat'd  prroxiAe  of  iron  is  prepared  by  adding  potassn 
I  or  ammonia  to  the  solution  of  a  sesquisalt  of  iron,  when  a  copious 
lirown  precipitate  is  formed.    When  the  reaction  has  been  eflectod 
]by  cauatJc  potutua,  the  precipitate  always  retains  a  small  quantity 
[h  alkali,  which  ig  removed  with  difficulty  only  by  prolonged  boil- 
ing with  pure  water.     The  prccipitjilton  may  bu  niaue  by  a  aolutioit 
of  carbonate  of  potassa  or  soda,  in  which  caso  tho  precipitato  is 
felso  hydratci  peroxide  of  iron,  tho  carbonic  acid  being  disen- 
gaged,  or  combining  with  the  excess  of  neutral  carbonate,  which  it 
[  traneforms  into  bicarbonate. 

Ilydrated  peroxide  of  iron  parts  readily  with  its  water  by  the 
application  of  heat,  but  when  heated  still  further,  a  temperature  is 
•oua  attained  at  which  the  oxide  suddenly  becomes  inirandescent 
from  «  spontaneous  evolution  of  heat.  This  incandescence  is  only 
momentary,  and  the  temperature  of  the  oxide  again  falls  to  that 
ef  the  vessel  in  which  it  {&  heated;  but  its  physical  and  chemical 
properties  have  been  remarkably  modified,  as  it  has  become  more 
cooapact,  and  dissolves  with  great  difficulty  ev^n  in  highly  concen- 
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trntcd  iwids.     Sesquioxide  of  iron,  beated  to  a  high  whitc-hcBt, 
losos  iL  portion  of  its  oxTgen,  and  is  coDverted  into  magDctic  oxide 

Peroxide  of  iron  colours  fluxes  of  n  reddish  yellow,  but  o.  conai- 
dcroVlc  quantity  is  nccciiaurj'  to  produce  this  cficcl  iu  glass.  The 
small  quttntily  of  protoxide  which  imparta  &  deep  green  hue  to  a 
Titrooua  flux,  docs  not  colour  it  appreciably  whcu  converted  into 
peroxide  (§  G74). 

Magnetic  ozidc  </f  iron  Fo,0,. 

§  776.  A  native  oxide  of  iron,  intermediate  between  tbo  prot- 
oxide and  peroxide,  ia  often  fouud  in  very  regular,  brilliant  octa* 
hcdrons,  of  a  fine  metallic  lustre.  At  other  times  Lt  is  found  in 
the  old  rocks  in  conipuet  maases,  often  very  largo,  and  is  worked 
as  nn  iron  ore.  Large  qaantiticn  of  it  arc  found  iit  Danncmora, 
in  Sweden,  and  from  this  oro  the  best  quality  of  iron  is  obtained. 
Thia  compound  has  been  called  magnetic  oxida^  from  its  poBseaaing 
very  highly  developed  magnetic  properties.  Kative  loadstone  is 
formed  of  this  oxido  of  iron. 

Magnetic  oxide  of  iron  is  only  produced  nhen  iron  burns  at  a 
high  temperature  in  the  air,  or  in  oxygon;  for  example,  by  the 
rapid  combuatton  of  iron-wire  in  pure  oxygen  [%  64).  Hut  the  moHt 
certain  method  of  obtaining  it  in  the  laboratory  consists  in  heating 
iron-wire  in  a  porcelain  tube,  in  a  current  of  etenm,  as  in  the  ex- 
periment described  in  §  68,  when  the  surface  of  the  wire  becomes 
covered  with  an  infinite  nuniber  of  small,  very  brilliant  crystals, 
irhieh  by  the  aid  of  a  lens  arc  seen  to  be  regular  octahedrons,  rescm- 
lling  those  of  the  native  magaetic  oxide. 

Thia  oxide  may  also  bo  obtained  in  the  hydratpd  state,  by  dis- 
solving the  magnetic  oxide  in  chlorohydrio  acid,  and  adding  a 
largo  excess  of  ammonia,  when  a  deep  green  precipitate,  becoming 
black  by  dceiccation,  is  formed.  Thia  hydrate  le  maguetic,  like  the 
anhydrous  oxide.  Hydratcd  magnetic  oxide  may  likewise  bo  pre- 
pared by  pouring  into  ammonia  a  mixture  of  equal  equivalents  of 
persulpliaie  and  pvotosulphate  of  iron.  In  order  to  make  this 
mixture,  two  equal  volumes  of  the  same  solution  of  protosulplmte 
of  iron  are  used,  one  of  which  iis  transformed  into  persulphate  by 
evaporating  it  to  dryness  with  nitric  and  sulphuric  acids,  and  then 
rcdissolved  in  the  other  volume  of  protosulphate. 

The  magnetie  oxido  does  not  behave  like  an  oxido  per  «,  but 
rather  like  a  compound  of  protoxide  and  peroxide.  Its  formula  i« 
properly  FcO.l'V  O,,  nnalogous  to  that  of  red  oxide  of  manganese 
MnO.Mn,0,.  The  solution  of  mBgnetic  oxide  iu  an  acid  p()s»e»s«-s 
the  properties  of  a  mixturo  of  a  protosall  with  a  scsquisall ;  and 
if  an  alkali  is  dropped  into  the  liquid,  the  peroxide  is  precipitated 
before  the  proloxidf.     In  order  to  pracipttato  the  two  oxidea  in 
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combination  the  proceeding  mu8t  b«  inr^rled,  and  tho  solution  of 
the  Bait  of  iron  he  poure<l  into  tli«  alkaline  liqoM.  Wo  BUal),morfl- 
over,  sooo  see  several  compounds  presenting  a  similar  chemical 
forxanU,  and  affecting  ideatical  crysi-alline  fonns,  bat  in  which, 
the  peroxide  of  iron  is  often  replaced  bj  alamina  or  by  oxide  of ' 
chrome,  while  magnesia,  protoxide  of  manganese,  or  oxide  of  zinc 
often  Cake  the  place  of  the  protozido. 


Ferric  add  FeO^ 

S  T7T.  The  third  compound  of  iron  with  oxygen  poimessea  the 
properties  of  an  acid  corretponding  irith  maaganic  acid,  and  ia 
formed  under  the  same  circumstances.  A  mixlure  of  iron  filings 
and  nitrate  of  potaKsn  ia  heated  to  redness  in  an  iron  crucible,  when 
a  beautiful  red  solution  of  ferrate  of  potoasa  b  obtained  by  treating 
the  isasawith  water,  resembling  permanganate  of  potasM  in  colour. 
It  18  also  procured  bj  posaing  chlorine  through  a  conoentratod 
BoIntioD  of  caustic  potaasa,  containing  hydrated  peroxide  of  iron  in. 
eaepcDsion.  Pieces  of  caustic  potassa  are  added  from  time  to  tintCi 
ID  order  eonslantly  to  maintain  a  largo  oxcoss  of  alkali  in  the  liquid. 
Farrste  of  potassa,  being  nearly  insoluble  in  n  conr^ntrated  solu- 
tion of  potsssa,  is  depo&itod  iu  the  form  of  a  blu«k  powder,  which 
may  be  almoft  entirely  separated  from  the  mother  lifjuid  by  drying 
it  on  angUeed  porcelain.  Ferrate  of  pota&sa  m  still  less  fixed  than 
the  manganate,  and  baa  not  yet  been  obtained  in  *  cryetallino  form. 
Its  solution  cannot  be  filtered  through  paper,  as  it  immediately 
decompoeea  when  in  contact  with  organic  matter,  forming  hydra- 
ted  sesquioxide  of  iron. 

§  776.  "Xht  following  is  the  composition  of  tho  four  oxidea  of  iron : 


Protoxide  FeO. 


8«»i|moxide  FcaO,. 


.Iron TT.78 28 

Oxygen 22.22 _8 

tOO.OO 36 

.Iron 70.00 66 

Oxygon 3C.0Q 24 

100.00 80 


MagnctieoxideF«0,Fe,Or  ■   Iron 72.42 

Oxygen 27.58 


Perric  acid  FeO. 


.    84 

.    82 

100.00 116 

.Iron 68.84 28 

Oxygen 4(1.  X6 _24 

lOO.OO 62 


The  equivalent  of  iron  is  28,  or  350  when  that  of  oxygen  is  as* 
fOBied  aa  100. 
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SALTS  OF  PROTOXIDE  OF  IBON. 

§  776.  The  hydratod  protogalts  of  iron  are  of  a  bright  green 
colour,  which  tacy  ncarlj  lose  by  parting  with  their  water;  and 
tbeir  solutioas  are  also  of  a  bright  green.  Their  taste  is  mtringent 
and  metallic. 

Fotiiesa  find  Bod&,  poared  Into  the  solution  of  a  protosalt  of  iron, 
yield  a  wliitc  precipitate,  which  immediately  lurna  green  by  contact 
■with  the  air,  and,  when  left  exposed  to  the  atmosphere  for  an  in- 
definite time,  becomes  ochrous,  and  is  converted  into  hydratcd  bc«- 
quioxide.  ThJa  property  distinguishes  the  protosalta  of  iron  from 
those  of  manganeee,  the  latter  yielding  tritli  the  alkalies  a  white 
predpitatc,  H*hich  turns  brown  in  the  air,  without  passing  through 
the  Intertnediate  green. 

Ammonia  produces  with  the  protosalta  of  iron  a  reaction  re- 
aembling  tbut  witb  the  ealls  of  mangaiioso  (§  752).  An  excess  of 
Bmmonia  redLssoIveii  the  protoxide;  bub  hy  absorbing  the  oxygen 
of  the  air,  the  Hquid  soon  becomes  clouded,  and  bydrated  sesqui- 
oxido  is  precipitated. 

The  gdkaline  varbonateig,  poured  into  a  very  cold  solution  of  a 
rotooalt  of  iron,  throw  down  a  whito  precipitate  of  protocar- 
>tiate,  wbich,  nut  being  very  fixed,  eoou  parts  with  itJs  carbonic 
'  acid. 

Sulf  bydric  acid  does  not  precipitate  the  protosalts  of  iron,  how- 
;  er«r  slightly  acid  they  may  be,  while  the  sulfhydrates  give  Mack 
precipitates. 

Yellow  ferro-cyanide  of  potassium  yields  a  white  precipitate, 
wbicli  soon  tumii  blue  by  absorbing  the  oxygen  of  the  air. 

The  red  ferro-cyanidc  gives  a  bcaatifal  deep-blue  precipitate. 

Succinate  and  benzoate  of  ammonia  do  not  precipitate  the  proto- 
iftlta  of  iron. 

Phosphate  of  potassa  givea  a  white  precipitate,  which  turns  blue 
by  expoeuro  to  the  atmosphere. 

Arseniate  of  potassa  yields  &  white  precipitate,  whtcli  turns 
greoD  in  the  air. 

Tannin  forms  no  precipitate  with  the  protosalts  of  Iron,  but  the 
liquid  soon  blackens  in  the  air. 

Protoaulphate  of  Iron, 

%  780.  The  sulphate  is  the  most  important  of  the  protosalts  of 
iron,  being  used  in  dyeing,  under  the  name  ci  green  vitriol,  or  eop- 

rat.  It  is  prepared  in  the  laboratory  by  dissolving  metal- 
iron  in  dilute  sulphuric  acid,  when  hydrogen  is  difengaged. 
This  process  is  sometimes  adopted  in  the  arts;  but  coppcnis  is 
generally  obtained  from  the  native  fliilphides  of  iron  or  pf/rilct, 
which  arc  abundantly  found  in  nature,  but  caniiut  Ic  used  as  iron 
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OKB,  becamtc  tlie  redactioD  of  tlie  metal  would  be  too  exppnsire, 
and  iron  of  an  inferior  quality  would  he  obtained;  but  as  tlic  pj- 
rit«  freqa^ntlj  contain  ftomo  hundredths  of  snipbide  of  copper, 
this  metal  is  eztract«d  from  ih^m.  For  this  purpose  tbcy  are 
ZTMBted,  by  a  process  lierea-ftor  to  be  described,  when  the  metals 
m  09ridix«d,  luid  o.  great  portion  of  the  milphar  is  disengaged  in 
the  state  of  sulpliurous  noid,  wbile  another  portion  is  oxtdited  still 
higher,  and,  bv  combining  with  the  metallic  oxides  as  sulpharic 
acid,  yields  sulphates  whioh  are  removed  by  washing.  ' 

in  some  localities  snlphnr  is  obtained  from  pyrites  by  calciDing 
them  to  retorts,  when  &  portion  of  the  sulphur  is  disengaged,  and 
a  disa^iregatcd  magnetic  sulphide  of  iron  remains  in  the  retort, 
sbaorbing  rapidly  the  oxygen  of  the  moiat  air,  and  changing  into 
a  salphate. 

In  other  localities,  eclibtous  rocks  filled  with  small  crystals  of 
pyrites  are  found,  which  sometimes  change  rapidly  in  the  air  and 
fall:  that  is  to  say,  soon  become  reduced  to  powder.  Tho  sul- 
phide of  iron  is  then  changed  into  a  salphate,  while  the  schist 
Itself  is  more  or  less  decomposed,  and  yiclib  sulphate  of  alumina, 
i^en  the  two  sulphates  are  dissolved  io  water. 

The  Tttriolic  liquids  are  evaporated  in  leaden  boilers,  and  OOB- 
docted,  when  saitably  concentrated,  into  a  largo  vnt,  where  they 
an  allowed  to  settle  for  some  time,  and  then  are  ran  off  toto 
large  crystal! Iiing- vats.     Strings,  on  which  the  cryslala  of  «ttl- 

Ebate  of  iron  form,  arc  snspended  in  the  liquid.  When  the  motbir 
quid  yields  no  more  cirsuts  of  the  solpbate,  even  after  vfdHiiwI 
coaMQtration,  it  is  osed  for  the  preparation  of  alitm.  Bm  vat«r 
coutnius  Hulphnte  of  alumina,  which  crrstaltisea  vilh  djflcoln;  bM 
an  addition  of  sulphate  of  potassa  soon  effect!  the  depMstua  ef 
crystals  of  alum,  which  are  purified  by  recryataUizataoB. 

The  salphate  of  iron  of  oommeroe  is  oraa  eorcrad  wHit  a  taib 
pcrtolphate,  rendering  its  surface  ochreOM^  «Uflk  it  ntaani  kjr 
dtuolvine  it  in  water  and  boiling  the  wdatiofi  with  in*  *"^w 
which  rmncc  the  seeqnisalphaLe  of  iron  to  protaeMlyhatt.  tSSt- 
pbate  of  iron  crystallines  at  the  ordlDaiy  taMperaiwe  vitfc  T  aqii- 
Talents  of  water,  while  the  cryataU  dMMsUd  at  17^  «amUim  «$if 
i  equivalents.  The  same  suL  readily  parts  with  a  pcnion  td  H» 
water  when  heated,  bnt  a  tcmperatore  of  MfAj  Vit*  if  Mi 
to  drive  off  the  last  particles  of  iL  Dishyteiel 
forma  a  white  powder,  which,  if  be«cad  icill  tmi^m,  m 
by  diaengaging  ttulpLoroua  and  iul^Alito  xUiy  «Us  ftm^t^  af 
iroQ  remains  (§  Vi^).  100  parts  of  irstir  a»  <•*  BbiIiw  7f  «r 
crystallized  snlphatiC,  and  at  212°  more  Aaa  900 


iVotenaCnrfc  ^  Jram. 

1 761.  This  salt  is  obtained  hy  diaeolnng  nrtatltc  mm  !■  eeiii 
£]iDte  utric  add,  when  a  ccrtam  ^uui^  «f  mmm  (t$  wb-- 
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is  also  formed,  ■wbicb  combining  with  the  nitrate  of  iron,  prodaoes 
s  douMo  ssltf  which  is  depcmited  in  crystals.     The  formation  of 
nitrate  of  ammonia  is  owing  to  the  fact,  that  while  the  iron  iii 
tieiog  oxidized  nt  the  Bame  ttme  at  the  expense  of  the  oxjgea  of 
the  water  and  of  that  of  the  nitric  acid,  hydrogen  and  nilrogea 
gas  are  Hiaiultuneousty  disengaged,  and  oombiae  in  the  nasoettCJ 
state  to  form  ammonia.     The  best  method  of  obtaining  protoni-f 
trato  of  iron  oonsists  in  decompo&ing  a  solution  of  protosalphatfl , 
of  iron  by  nitrate  of  bnrjrta- 

Carbonat*  of  Tron. 

$782.  Carbonate  of  iron  is  found  in  nature  as  wpany  iron,] 
crystallized  in  rhomhohcdrons,  resembliDg  those  of  carboDsto  of  ■ 
lime,  and  ia  highly  esteemed  as  an  ore.  It  is  found  in  veins  m\ 
the  old  rocks.  Carbonate  of  iron,  heated  in  an  earthen  retort, ' 
yields  magnetic  oxide  of  iron  as  a  residue,  and  disengftges  a  mix- 
tore  of  carbonic  oxide  and  acid. 

Carbonate  of  iron  has  not  yet  been  artificially  prepared. 

SeaquwaUM  of  Iron. 

%  TS8.   These  salts  are  prepared  by  diawlviog  the  hydrat«4 
peroxide  in  acids,  or  by  eabjecting  the  protosalts  to  an  oxidixingi 
agency  in  the  presence  of  an  excess  of  acid.    Thus,  protosolphato 
of  iron  is  converted  into  a  persulphate  by  heating  it  with  nitrio 
acid,  while  reddish  Tspoors  are  given  off,  and  the  substance  be- 
comes brown.     This  colour  is  owing  to  the  fact  that  the  deutoxide 
of  nitrogen  which  is  formed  dissolves  in  the  uodccomposed  prcto- 
sulphate,  and  produces  a  highly  coloured  liquid  (§114).      But 
protosulphato  of  iron  FcO.SO,  can  only  be  converted  into  neutral 
persulphate  Fe^O^SSO^  by  adding  a  certain  quantity  of  sulphuric 
add.     The  salts  of  protoxido  of  iron  are  likewise  changed  into^H 
salts  of  peroxide  by  treating  their  solution  with  chlorine,  io  thB^| 
presence  of  an  excess  of  aciil. 

Kouiprocally,  it  is  easy  to  truneform  a  sesrjuisalt  of  iron  into  a 
protosalt,  by  subjocting  it  to  a  deoxidiiing  action:  for  example, 
oy  boiling  itis  solution  with  iron  filings,  or  treating  tt  with  sulf- 
hrdrtc  acid,  in  which  latter  case  sulphur  is  deposited,  rendering 
the  liquid  milky : 

Fe,0„3SO,+nS=2(FeO,SOJ+SO«nO+S. 

§  784.  Tho  salts  of  peroxide  of  iron  afibrd  yellow  precipitatea, 
the  colour  of  which  is  deeper  in  proportion  as  they  approach  neu- 
trality. 

The  fixed  nlkalta  and  ammonia  yield  a  brown  precipitate  of 
hydrated  peroxide,  insoluble  in  an  exceas  of  ammonia. 

The  alkaline  carbonutca  give  the  same  brown  precipitate  of  hj- 
dntod  peroxide. 
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uatc  bccomcfl  deeper,  and,  in  a  few  boors,  the  two  sabstADcei 
MTo  combined  togetber.  This  preparation  is  sometimes  mado  ir 
tht-  laboratory,  as  the  product  &Qda  extensive  use  in  tbe  prcpua 
tioa  of  Bulfhjdric  acid.  When  the  quantity  of  ntuterial  acted  oi 
it  at  all  cunitidcruUe,  the  reaotioQ  is  somccimea  very  poverful  aof 
cbe  mixture  is  tbrown  from  tbe  vessel:  great  care  is  therefore  re 
qnisitc.  Formerly  chcmista  eupposcd  even  volcanos  to  bo  prodawi 
by  similar  reactioDB,  for  ■which  reason  the  name  of  L£mery'»  volcmn 
vaa  givea  to  this  preparation. 

Si'squieulphide  of  Iron  Fc,S,. 

§  TST.  SeflC|iiisiilphide  of  iron,  corresponding  to  the  sesqaroxido 
is  obtained  by  decomposing  hydratod  peroxide  of  iron  by  solfhy 
diio  aoid,  at  a  temperature  of  212°.  This  compound  easily  de 
ocmpoeea. 

BitUrlphiSe  of  Iron  FeSy  j^| 

S  789.  Bisulphide  of  iron  FeP„  which  corresponds  to  no  know] 
oxide  of  iron,  is  abundantly  found  iti  nature,  occurring  in  thi 
form  of  brilliant  cubic  cryetsls,  of  a  brass-yellow  colour,  and  csllet 
by  mineralogists  iron  fu/nt'%  or  simply  pyriUt.  Pyrites  ore  oftei 
sufficiently  hard  to  strike  fire  with  steel.  The  same  product  ma; 
be  obtained  in  the  laboratory,  in  the  form  of  a  yellow  powder,  bj 
heatiag  very  finely  dissolved  protosulpliide  of  iron  with  half  it 
weight  of  sulphur,  until  the  excess  of  the  latter  is  volatilized.  It 
density  is  -l.'JS.  Bisulphide  of  iron  is  not  attacked  by  dilute  acidi 
while  the  proloaulpbidc,  under  the  same  circumstjiuct-s,  gives  offauK 
hydric  acid  in  abundance.  Iron  pyrites,  subjected  to  the  action  ol 
heat,  parts  with  a  portion  of  its  sulphur,  which  dialiU  over,  while  i 
eulphide  compased  of  100  parts  of  iron  and  (>S  of  sulphur  remains 
whiclt  may  be  considered  oa  a  special  sulphide. 

MayncHc  PifrUe$, 

§  789.  Native  aulphidca  of  iron,  of  a  bronxo  colour,  are  found  ii 
crystallino  masses,  the  form  of  which  is  a  regular  hoxahedral  priim 
they  contain  leas  sulphur  than  the  biaulphidc,  or  ordinary  pyrites 
and  BTti  called  mai/HeCic  pyritef,  because  they  affect  the  needle 
Their  compoHtion  corresponds  in  general  to  the  formula  Fe,S,= 
fiFeS+Pe,S,. 

COMPOO'D  OP  IRON  WITH  NITROGTiS, 

§790.  When  dry  animonlacal  gas  is  passed  over  Cue  irOQ-irin 
heated  to  a  dull  red-heat  in  a  porcelain  tube,  tho  metal  become 
Tcr^  brittle,  and  inoreasefi  remarkably  in  weight,  while  a  nitrurd 
of  iron  is  formed,  containing  12  or  13  per  cent,  of  nitrogen.  Thi 
product  is  more  readily  obtained  by  beatins  anhydrous  protochU 
ride  of  irou  iu  a  glass  tube,  in  a  ciineot  <^  drj  amtnouiacal  gai 


vhen  chlorohjdric  acid  is  diaengaged,  and  on  tli«  8t(le«  of  the  tube 
in  wbicb  tlie  experiment  is  made  sntall  glittering  sp&itglfvs  of  scs- 
quioxide  of  iron  are  deposited,  reaerabling  the  specular  o^idc  found 
in  tbe  fiBBaren  of  vol«Aaic  lavas.  This  mineral  has  beon  suppose' 
to  have  been  formed  in  a  similar  manner. 
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COMl'OU.NDS  OF  IBON  WITH  CVAKOOEN. 

§  7116.  Iron  forma  eeveml  componndB  with  cyanogen,  p&rHcn- 
larl;  remarkable  for  their  multiple  combinationt*. 

If  cyanide  of  potns»ium  be  addod  to  a  solution  of  a  protosalt  of 
iron,  protocyaniae  of  iron  is  obtained  as  a  wliitc  precipitate,  whi 
retains  with  crcnt  energy  a  portion  of  the  reagent  which  served  _ 
produce  it.  It  ia  obtained  in  greater  purity  by  treating  Pnusia: 
blue  with  sutfhydric  ncid,  when  a  wMlo  prcoipitate,  which  eoo: 
changes  to  blue  in  the  air,  ia  formed. 

Cyanide  of  iron  combines  with  a  great  number  of  other  metaiti 
eyanides,  producing  doablo  cyanides,  which,  besides  being  of  grei 
technical  importance,  aro  much  uaed  in  the  laboratory  aa  reagents. 
In  these  compounds  the  iron  has  lost  its  habitual  character istii 
properties,  being  no  longer  precipitated  by  the  reagents  whi 
usually  throw  it  down  from  its  saline  solutions  or  from  the  chl 
rides.     The  characteristic  properties  of  the  aimple  cyanides  aro 
also  modified  in  such  doublo  salts,  for  which  reason  these  com- 
pounds have  been  considered,  not  as  real  double  cyanides,  but  as 
combinations  of  the  metal  with  a  oompoand  electro-negative  body, 
called  ferro-ci^anogen^ 
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Double  Ci^anuie  of  Iron  and  Potastium,  or  Ferrocyanide  of  Pot 
tiavi  FeCy+2KCy. 

§797.  This  donblo  cyanide,  which  is  also  called  pnutiatc  of  pot-' 
ath,  is  tlic  most  important  of  these  compounds,  and  is  brought  into 
commerce  in  the  form  of  beautiful  yellow  crystals,  of  the  formula 

FcCy+2KCy+5HO. 

It  pontnins  12.8  per  cent,  of  water,  which  it  readily  loses  on  i 
slight  elevation  of  temperature:  lOQ  parts  of  water  dissolre  S6 
parts  of  the  salt  at  ordinary  temperature,  and  AO  parts  at  the  j 
boiling  point.    This  doohle  cyanide  is  very  fixed,  being  neitherfl 
decomposable  by  the  allcaliii  nor  even  the  alkaline  Hulfhydratcs  ; 
while  tbe  action  of  heat  destroys  the  salt  and  evolves  nitrogen^ 
when  the  rrsiduc,  treated  with  water,  yields  a  solution  of  cyanide 
of  potaRBintn  and  an  inHolnbte  black  substance,  which  id  a  true  car- 
boret  of  iron,  of  the  formula  FeC,. 

Ibis  salt  ia  prepared  on  a  largo  scale  by  fusing  carbonate  oC| 
potassa  with  animal  charcoal,  which  must  bo  prepared  cxpreBalj| 
from  animal  matter   containing    but  few  plioRphutes.      Calcinec 
boDCf  dried  Qe»b«  skins,  and  principally  old  shoes  aro  used  for  its 
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JQSolublo  gulpbido,  aai  an  acid  liquid  wliich  j\e\d»  vrhite  cryslalf 
when  erapomtmi  under  cover  near  a  sniicer  fillt'd  with  coaccntrated 
sulphuric  acid.  These  crystals  are  formed  by  a  real  hydrocid 
FoCy+2HCy,  caMcd  ferro-ht/droajfanic  aaid,  or  hydrocijatw-ferrie 
tuuif  or  ffrr/y^anhifdrk'  aeid,  the  solution  of  which  is  inodorous 
and  posscscs  uonc  of  the  prupcrties  of  hydrocyanic  acid.  The 
double  cyauides  may  ihorcforc  bo  regiirdcd  »i  ffrroc^anidet. 

PruDsiatc  of  putuh  ytvlds  a  whiLO  precipitate  with  protosaJta  of 
irou,  composed  for  th«  greater  part  of  proLocyanid«  of  iron,  but 
always  rotaining  a  ccrlaio  quantity  of  alkaline  cyanide.  This  prc- 
cipit&to  soon  changes  in  tL«  air. 

With  the  s»lts  of  peroxide  of  iron,  prasaiatc  of  potash  giyes  R 
beautiful  blue  precipitate,  called  PrusJiiau  Llue,  whit-U  is  used  in 
dyeing  and  in  oil-painting.  The  following  reaction  ensues  between 
pcrchloridc  of  iron  and  prus^iiate  of  potuah: 

2Fe,Cl,+S(FcCy+2KCy)=6KCl+(3FcCy+2Fe,Cy,}. 

The  formula  of  Prussian  blue  ia  3PcCy+2F«,Cyj. 

S  798.  If  a  current  of  chlorine  be  pmsaud  througn  a.  solution  of 

Jirussiate  of  potash  and  the  liquid  boiled,  a  green  precipitate  is 
onacd,  which,  when  houtcd  with  chlorohydriu  acid,  gives  otf  a  cer- 
tain quantity  of  mixed  oxides  of  iron,  itnd  leavus  a  gre«n  residue,  of 
the  fortaula  F«Cy+Fc,Cy,+4I10.  It  ia  a  compound  rcscmbliDg 
magnetic  oxide,  if  the  water  of  combination  be  overlooked. 

§  "lif'J.  If  the  currout  of  chlorine  bo  stopped  at  the  mom«iit  when 
the  solution  no  longer  throws  duwn  a  blue  precipitate  of  sesquiaalts 
of  iron,  a  liquid,  yielding  beautiful  rod  crystals  on  evaporation,  is 
obtained.  It  ia  important  not  to  prolong  the  action  of  the  chlorine 
too  much,  and  to  keep  the  liquid  constantly  agitated.  The  solu- 
tion in  frequently  tested  with  a  aesquisalt  of  iron,  and  the  current 
of  chlorine  is  arrested  as  &oon  as  a  precipitate  is  no  longer  formed. 
It  ia  aldo  well  to  neutralize  the  liquid  gradually  with  a,  little  potiuisa. 
The  red  salt,  which  has  been  called  fiifannfurridp.  or  Jferriirifanide 
of  potmiiitm^  has  the  formula  SKCy  +  Ke.Cy, ;  and  contains  no 
wat«!r  of  crystallixation.  The  reaction  from  which  it  originates  is 
th<!  following : 

2(FeCy+2KCy)+Cl=(3KCy+Fc,Cy^-|-KCl. 

The  red  pruasiatc  ia  much  less  soluble  than  the  yellow,  38 parts, 
of  cold  water  being  required  to  dinaolve  1  part  of  it-  Protosalts 
of  iron  yield  with  red  pruasiatc  of  potash  a  brauliful  blue  precipi-' 
tate  of  the  formula  3FeCy-f  F6,Cy^  the  reaction  being  na  follows: 

(8KCy+Fc,Cy.)-l-3(FcO,SO.)=3(KO,SO,)+(3FeCj+Fe.Cy,). 

Bed  prussi&tc  of  potash  yields  with  salta  of  lead  a  precipitate  m 
3PbCy+Fe,Cy„  which  gives,  when  treated  with  sulphuric  acid,  fl 
a  pntoipitato  of  sulphate  of  load  and  a  compound  31iCy+F«jCy„ 
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called  hifdrthfenvyank  acid,  wbich  disiolveii  with  a  red  colour. 

The  solution,  when  CTsporatcd,  d«[K>9it8  tha  salt  in  yvllowish- 

.IrowD  crjTBtab. 

COMPOUNDS  OP  IRON  WITH  CAKBQM. 

%  800.  Iron  combines  with  mrbon  when  in  presence  of  thia  sub- 

[«t»nce,  at  a  rcrj  higlj  tcnipcmture.      It  has  been  Bhown  (§  79i>) 

[ibat  K  carburet  of  iron  FoC,  is  obluined  by  deoomposinff  prnssiate 

I  of  potash  by  heat:  bj  the  direct  combination  of  iron  with  corbon, 

■compounde  bo  rich  in  carbon  are  Dover  obtained,  aa  the  nio«4t  car- 

bnretted  products  only  contain  ubout  6  per  cent,  of  carbon,  their 

compoiiition    resetnblitig  the  forniHla  Fe,C.      These  carburetted 

iirooa  are  called  cntt-iron^  nhich  is  again  divided  into  white  coai- 

[iron  and  gray  east-iron. 

Iron,  heated  in  blast-furnacce  at  a  rerj  high  tomporature  in 

i  contact  with  charcoal,  pssscs  into  the  state  of  cs'st-iron,  which, 

I  Ij  cooling  suddenly  on  leaving  the  fnrnacc,  forms  hnrd  and  brittle 

inetallic  masses,  whiter  than  ihc  soft  iron,  and  coiiaiating  of  while 

eoMt-iron.      If,  on  the  contrary,  iho  iron  bo  cooled  elowly,  the 

I  carbon  which  waa  in  combinntion  with  the  iron  acparatca  by  crys- 

'  taltizattoD,  forming  an  infinite  number  of  email  black  graphitoso 

spangled,  which  impart  a  deep  gray  colour  to  the  moM.    The  small 

sptngles  of  carbon  are  scattered  tliTongb  the  iron,  the  greater  part 

of  which  is  decarbnrctted,  and  such  iron,  which  is  called  ffray  or 

.toft  ra»t-ir'/ti,  is  much  more  mHllcable  than  the  white  sort,  and  can 

'he  cat  with  a  file. 

All  kinds  of  caal-iron  do  not  lose  their  combined  carbon  with 
«qtial  rendinca ;  wbcn  ihc  iron-ore  contained  phosphorus  or  sulplmr, 
the  metal  retains  the  character  of  white  cast-iron,  even  after  a  very 
I  slow  cooling.  Certaia  kinda  of  coet-iron,  which  contain  msngtoMe 
in  combination,  posMU  also  the  property  of  retaining  their  «aB- 
bintd  carbon,  and  present,  after  cooling,  a  crystalline  fracture,  with 
TeiT  large  lirilUanl  laminH?,  which  tntcrsecl  citch  other  at  axt^m 
ofi^O**;  hence  the  crystalline  form  is  inferred  to  ti«  »  n^lir 
bexahcdral  prism. 

This  iron  is  Cft1l«d  htmfVar  ea$t-iron,  and  is  obtained 
manganifcrous  sparry  ore*  {§  782). 

When  white  east-jron  is  treated  with  chlorohydrie  asd 
tolphuric  acid,  the  metal  disaolves  with  evolution  rfl 
but  at  the  same  time  a  volatile  oil  of  a  nauseous 
resulting  from  the  combination  of  the  byilrogeo  vici 
nascent  state.     If,  on  the  contrary,  gray  east-' 
certain  qo&ntity  of  this  oil  is  produced,  by  At 
droeen  with  the  portion  of  carbon  whiidl 
the  iron,  while  the  free  carbon  remaiaa  jm  tbe ' 
talline  spaoglea. 
CBSt-iroD,  tmdtr  certain  cticinDatuflii,«iai 
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State  bctvocn  tho  gray  and  whitt,  vIlgq,  the  scpsriition  of  gnptiito 
not  taking  pUcc  tlirougbout  tho  nholo  vanas,  but  only  in  some  por- 
tions, tho  substance  pr<««nts  the  appearance  of  white  cast-iron, 
more  or  less  spotted  vith  gmr.  Xliis  kind  is  called  spotted  or 
mottUtl  cast-iron,  (foote  truit^e.) 

COMPOONP  OP  IRON  WITH  SIUCIUM. 

§801.  A  compound  of  iron  with  silicium  is  obtained  by  heating 
in  a  crucible  covered  with  damp  charcoal  a  mixture  of  iron  filings, 
silicic  acid,  and  charcoal,  in  a  forge- fire,  when  a  fused  metallic  lump, 
poHSessing  a  certain  degree  of  malleability,  isi  fermcd.  Iron  can 
combine,  in  this  case,  vitli  0  cr  10  per  cent,  of  silicium.  Cast-irun, 
particularly  that  mndo  in  blast-furnaces  at  very  high  temperatures 
irith  coke,  generally  contains  1  or  2  hundredths  of  silicium. 

I»ETEBM1NAT10N  OF  IBON,  AKS  ITS  SEPARATION  FKOU  THE  METALS 
PHEnOUSLY  DESCRIBED. 

%  S02.  Id  cbemical  analyses  iron  is  nearly  alvrays  detcrmiDcd  in 
the  state  of  sesquioxide,  and  wben  it  exists  as  such  in  its  solutions 
is  precipituled  byamiDoniii  or  cnibonate  of  ammonia.  It  la  best  to 
mnko  the  precipitation  in  a  hot  liquid,  as  the  hydrated  scequioxido 
is  then  leas  gelatinous  and  more  easily  naflhed  on  the  filter.  When 
the  iron  exists  in  the  state  of  protoxide,  it  must  be  converted  into 
Bcsquioxide  by  craporating  the  liquid  with  nitric  acid,  or  bypassing 
a  current  of  chlorine  through  it;  in  which  Utter  case  the  excess 
of  chlorine  must  be  driven  off  by  bviling.  Sesquioxidc  of  iron  ia 
then  preeipitaifd  by  ammonia.  The  supcroxidation  of  the  iron 
may  aUo  be  affected  by  adding  chlorohvdric  acid,  and  then  a  small 
quantity  of  chlorate  of  potassa,  to  the  liquid,  when,  by  boiling,  the 
cblorohydric  acid  and  chlorate  of  potassa  mutually  decompose  each 
other,  while  chlorine  is  set  free,  which  produces  the  supn-oxida- 
tiOQ  of  the  iron.  Frequently  it  i^  preferable  to  precipitate  sesqui- 
oxide  of  iron  by  succinate  of  ammonia,  which  throws  it  down  more 
completely  than  ammonia^  as  an  excess  of  this  Inst  reagent  nay 
redissolre  a  small  quantity.  The  precipitate  of  scsquisuccinato  of 
iron  is  decomposed  by  heat,  leaving  pure  peroxide  of  iron. 

In  some  cases,  sesquioxide  of  iron  must  be  precipitated  with 
eatistic  potassa  in  excess;  but  the  precipitate  then  retatna  a  small 
quantity  of  potassa  with  great  obstinacy,  and  is  freed  from  it  only 
by  boiling  seveml  timcj  with  distilled  water.  When  the  precipi- 
tate is  copious,  it  ia  better,  after  having  collected  it  on  the  filter 
and  wsshod  it  with  a  small  quantity  of  hot  water,  to  redissolve  it 
in  weak  chlorohydrio  acid,  saturate  the  liquid  by  ammonia,  and 
precipitate  agaia  with  succinate  of  ammonia. 

When  tho  salutiou  contains  organic  sabatsncea,  such  as  sugar, 
tartaric  acid,  etc.,  amtnonia  no  longor  precipitates  sesquloxide  of 
iroQ,  Aor  does  even  cotbonate  of  auuiioiua;  and  the  iron  must  thca 
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of  ft  very  palo  yellow  colour,  nod  wlien  ammoniA  or  carbonste  of 
fodft  arc  aJilud  b_v  small  <)uantitic3  at  a  time,  the  liquid  bi-cotnc^ 
more  uud  more  d^oplv  coloured  as  it  approaches  satnratioii.  and  at 
laet  aenamea  a  deep  brown  colour  b«fore  any  deposit  in  fomicd. 
If  it  is  then  raljected  to  ebullition,  the  peroxide  of  iron  is  coro- 
pletelj  precipit&t«d:  the  liquid  U  bleached,  retaining  still  all  the 
oxides  of  the  formula  RO  in  eulutlon,  ivliich  are  much  more  power- 
ful bases  cbnn  sesquioxide  of  iron,  and,  in  general,  than  th«  oxides 
of  thfl  formula  K,<)j.  In  order  to  make  the  separation  properly, 
the  liquid  is  first  heated  to  boiling,  and  the  ammonia  or  carbunnte 
of  Boda  then  added,  stirring  it  continually,  and  discontinuing  whco 
the  liquid  has  turned  brown.  It  ie  then  boiled  for  eomo  lime,  when 
a  brown  precipitate  of  hydratoJ  scsqnioxidc  of  iron  in  generally 
formed.  If  the  liquid  la  not  discoloured,  a  few  drops  of  the  reagent 
arc  added,  it  is  again  boiled,  and  this  is  continued  until  discolora- 
tion takes  placo.  It  in  then  filtered  while  boiling,  und  a  conaider- 
abtc  quantity  of  carbonate  of  soda  is  added  to  effect  tlie  precipita- 
tion of  the  othermetallic  oxides  which  exist  in  the  solution.  There 
ifc,  therefore,  a  considerable  interval  between  the  moment  of  tlie 
complete  precipitation  of  the  oxides  of  the  formuU  H/),  nnd  that 
of  the  commencement  of  the  precipitation  of  the  oxidce  ICO. 

In  this  wny,  eesquioxide  of  iron  may  be  separated  with  n  con- 
siderable degree  of  accuracy  from  all  protoxide  ^^ith  which  it  is 
mixi'd  in  the  liquid ;  but  the  adinijtsion  of  air  must  lie  avoided  as 
much  as  pogsiblo,  m  its  oxygen  would  convert  a  portion  of  the 
protoxide  into  eesquioxide.  It  is  often  uece!i<iary,  in  the  analysis  ^_ 
of  mineral  subetanceB,  to  determine  the  relative  proportions  of  the  ^| 
scaquioxidc  and  protoxide  of  iron  they  contain,  which  can  be  done  ^^ 
exactly  when  the  niinLTal  diesolves  readily  in  non-oxidizing  acids, 
such  as  chlorohydric.  Thematerinl  isfincly  powdered,  and  treated 
in  ft  small  ilisk  with  hot  concentrated  chlorohydric  acid,  the  liquid 
boiug  continually  bnilod,  in  order  that  the  steam  disengaged  may 
prevent  Iho  udmissiun  of  air  into  the  flask;  and  the  boiling  is  con- 
tinued until  the  greater  part  of  the  acid  in  excess  is  eraporated. 
It  is  ihea  trentod  with  boiling  water,  and  the  sesnuioxide  preci- 
pitated by  carbonate  of  soda,  added  by  drops,  aroiiling  as  much  as 
poesible  the  contact  of  the  air.  When  the  liquid  is  deprived  of 
colour,  it  i«  nJlowed  to  rest  for  some  time  in  the  flask,  which  is 
corked  :  the  clear  liquid  is  decanted,  collected  rapidly  on  a  filter, 
and  washed  with  boiling  water.  The  filtrate  coutaiua  the  prot- 
oxide of  iron,  which  is  brought  to  the  slate  of  sosquioxide  by 
means  of  chlorine,  and  precipitated  by  an  cxoeaa  of  earbonat*  of 
sodu. 

§  804.  It  is,  however,  diflScult  to  prevent  a  portion  of  the  prot- 
oxide of  iron  from  changing  into  sesqiiioxide  by  absorption  ot  the 
oxygOD  of  the  air.  Greater  exactness  is  obtained  by  nnothor 
procees,  which  may  be  applied  to  varioua  other  cases,    'if  a  »oIu- 
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potAssft  arc  introdtioed  into  a  graduateil  alkaUaieter  (fig. 
477),  and  poured  from  it  into  the  vessel  B  (fig.  478),  iprhicn 
containH  the  protocliloridc  of  iron,  stirring  conEtantlj  to 
facilitate  the  mixture.     The  eolution  of  the  permanganate 
is  added,  hy  small  quantities  at  a  time,  until  the  liquid  aa- 
aumes  a  peruanent  roa«at«  tinge.     The  number  of  divi- 
BJons  and  fractions  of  a  division  necessary  to  prodnce  this 
result  lire  noted  down :  syppoBing  thia  number  to  be  75.6  div., 
the  conclusion  will  follow  that  '■'i.-'J  div.  of  the  nolution  of 
Rg-«77.  pcrmangannte  correapond  to  1  gramme  of  protoxide  of  iron, 
and  conncnuently  that  1  div.  of  permanganate  corrcapoods 
to  0.01325  gr.  of  metallic  iron.* 

This  being  done,  in  order  to  analyze  a  sabetance 
containing  protoxide  and  searjuioxide  of  iron  at  tbe 
Pig.  47a  eamo  time,  L  gramme  of  it  ia  dissolved  In  chlorohjdric 
scid,  the  liquid  is  diluted  with  boiled  water  until  it  oo- 
cnpiea  the  volume  of  about  1  litre,  and  then  the  standard  aolutioa 
of  permanganate  of  potaasa  ia  carefully  added  until  tlie  liquid 
assumes  a  roBeatc  tinge.  Let  us  suppose  that  to  produce  this 
effect,  22.0  div.  of  the  solution  of  the  permanganate  were  required ; 
the  gramme  of  the  substance  subjected  to  analysis  will  then  ooq- 
tain  22.0x0.01824  gr.,  or  0.291  gr.  of  iron,  existing  in  the  state 
of  protoxide,  or,  lastly,  0.874  gr.  of  protoxide  of  iron. 

The  quantity  of  sesquioxide  can  readily  be  determined  by  the 
same  process : — 1  gramme  of  the  substasoo  is  again  dissolved  in 
concentrated  cblorobydric  acid,  and  then  4  grammes  of  sulphite 
of  soda,  dissolved  in  a  small  quantity  of  water,  are  poured  into  the 
solution  gradually  and  by  small  quantities.  The  sulphurous  acid 
which  is  set  free  by  the  reaction  of  the  chlorohydric  acid  on  the 
alkaline  sulphite  conrerta  the  pcrchloride  of  iron  into  prolocblo- 
ride,  so  chat  all  the  iron  in  the  substance  then  exists  in  iho  solu- 
tion as  protoobtoride.  The  lii(uid  is  boiled  to  drive  oQ*  the  excess 
of  sulphurous  acid,  diluted  with  water  to  about  the  volume  of  1 
litre,  and  the  standard  solution  of  permanganate  is  added.  Sap- 
posing  that  it  was  necessary  to  add  116.0  div.  of  the  alkalimeter,  ia 
order  to  obtain  a  permanent  rc&e-oolour,  the  conclusiou  follows 
that  the  substance  contains  3(5.0x0.01324  gr.,  or  0.477  of  metallic 
iron.  Now,  as  it  has  been  already  found  to  contain  O.Siti  ©f  iron 
in  the  state  of  proto.iide.  there  are  0.180  gr.  present  in  a  more 
highly  oxidized  state,  corresponding  to  0.2tJti  gr.  of  sosquioiudo. 


I 


*  The  rMult  will  bs  Lho  mnn  eiaot  tita  mote  dlluw  &  solndaa  of  permaafii- 
n&u  of  potaua  Is  SBplaf^d.  and  tim  acDuracy  of  tlie  UeUuminUiun  msf.  U  Tkot, 
b«  cstrisd  M  almoH  any  degrtB-—  H'.  i>.  F. 
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METALLUBtiT  Q¥ 


}  805.  Tbe  oolj  ores  of  iron  emplojed  i 
carbonftte;  vhile  the  sulphides,  altnot^  mji 
are  not  used  for  tbr  rxtractiuii  of  iron,  ••  Am  j 
expeosivp,  and,  beiitdps,  a  meul  of  inferior 
toined.     The  principul  ores  which  an  workt 

1.  The  mngnetic  oxiilc,  found  in  eonsideraUa 
rocks,  principally  to  the  miuocoiis  Bchisti,*  »  f 
octahedral  cryntals  are  often  found  Bcau«re^  ii 
rirb  ore,  affording  iron  of  excelleot  qut£Syi  tl* 
of  Swedish  iron  u  procured  from  it. 

S.  The  anhydrous  peroxide  of  iron,  whidi  wftaad 
tninaitioa  rocks,  and  in  the  secondary  rOcks,  in  hrg*  m 
aeubUng  sometimes  real  strata.  The  oxida,  in  tin  ease,  it  aav- 
ptiOQi,  aod  is  culled  red  hematite.  It  also  ogaatitulv  vrina  i»  liw 
old  rocks,  as  nt  Fracnont,  in  the  YosceB.  Ttdf  <m  is  hm^  m 
many  of  the  foundries  in  the  north  ofOermany. 

Specalnr  iron  is  generally  found  in  veins,  batt  rmrt^j  m  itf- 

X  cient  quantity  for  foundry  use.     It  also  fomts  pfiwtiifarsfcls  m^mm 

tin  the  eld  rocks,  a  most  remarkable  exatopW  of  which  is  IM^- 

porit  in  the  i^tand  of  £lba.t 

3.  Hydrated  peroxide  of  iron,  which  is  found  in  Uic 
~'    ,  or  at  the  junction  of  the  transition  and  waoaniarj  • 

■  form  of  concrete  brown  masses,  when  it  is  eaUtd  Anmm 
tiff.     In  France,  the  foundries  in  the  Pyrenees  ok  tiw  ^ 

4.  Hydratcd  peroxide  of  iron,  which  is  also  r<Hiri<'  i<  .— g^ 
cret«  grains,  and  is  called  granular  iron  ore.    I 

n    (fig.  4Td)  at  ui>- ^M 

^  tion  of  oerukia 
'  jurassie    iw:^    sc 
.^-  quvntly  in  tW   s^b 

"  Jurassic 

Tbe  dia  of  the  grains  varies  from  that  of  a  pt»  > 
seed.    Tbe  majority  of  tbe  foundries  in  tlie , 
IB  CWnpagne  and  Berry,  smelt  this  ore. 

An  ore  is  also  found  in  certain  stages  of  i 
MtiBg  of  small  grains  of  hydrated  |»hi 


^ 


'■•^ 


»ft«r  fb*a4  ia  bImmoiu  (chi'ia.  hut  »»' 
tUaM*  mUpI*,  sad  la  MqwDtiBe  ;  wblk 

—W.  L.  F. 

f  At  tfc«  9trr%  -la  VlfiiAt  awl  th»  Hw 
Ina  M««n  ta  awb  qiuotiijr  m  ui  Uamumm 
tf  a  tmm»  mA  itaXj  clianotcr.—  W.L.f 
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flrml/  to  cnch  other,  nnd  forming  rent  ntrata;  and  this  ore,  front 
its  resopibUncc  to  the  e^gs  of  fi&n,  is  called  ooUthic  ore. 

5.  Sparnr  iron,  or  crifstalliieil  protocarhonale,  sometimes  mixed 
with  considerable  proportions  of  Ciirbonut«  of  tnansanesc,  which 
is  found  in  veins  in  the  old  and  transition  rocks.  It  sotnelimcft 
also  acoompanics  the  brown  hematites  which  arc  met  with  ac  the 
lino  of  8«pa.raLion  of  the  old  and  transition  rocks.  ThLs  ore, 
ancltod  with  ch&rconl,  yields  Inminntcd  cast-iroii]  which  is  used  for 
mnnufiictunng  stfcl. 

t!.  In  the  urgiUnccous  strnta  of  the  coal-liolds,  flattened  nodules 
of  carbonftte  of  iron,  mixed  with  clay,  are  frequently  foaod, 
and  lire  Bonietimeg  very  rich  in  iron,  constilulinc  an  ore  the  more 
valuuhic  bi^cauae  it  is  found  in  the  midst  of  fuel,  and  '\s  ouily  cx- 
tr&cti^d.     This  ore  is  very  abundant  in  Eii»laud. 

7.  Lastly,  an  iron-ore  is  fuund  in  aomo  low  places,  iiutncdiatcly' 
beneath  the  soil,  consisting  of  hydrulL'd  peroxide,  mixed  with 
pboephatts  This  ore  yields  phosphorous  cast-iron,  the  use  of 
which  is  limited.     It  is  called  hog  ore. 

Iron  is  sometimes  found  in  the  native  state,  forming  of^en  very 
large  compact  masses,  which  are  never  in  place,  hut  have  fallen 
from  apace  as  aerolites.  This  iron,  which  is  never  pure,  beitis 
always  more  or  leiia  mixed  with  nickel,  is  often  scattered 
thro«j;h  »  grayish  ttone,  the  surface  of  which  appears  lo  ha%'e 
andergnne  nn  int-ipient  fusion.  These  miLSses  are  called  meUoric 
atetuuij  airroliteu,  or  mftvorohtea.  Probably,  a  grent  number  of 
BQoh  meteors  circjlute  in  space,  influenced  by  the  same  forces 
which  maintain  the  planets  in  their  orbit,  and  fall  to  the  surface 
of  the  earth  when,  by  virtue  of  thfir  motion,  they  approach  near 
enough  tn  this  planet  to  bo  acted  on  by  the  attraction  of  the  lat- 
ter. Soiuetiincs  meteoric  iron  possesses  all  the  qualities  of  mal- 
leable iron,  atjil  cuttiiig-iuatrumcuts  even  have,  for  uuko  of  curiudity, 
been  made  of  it. 

§  aOU.  Iron  ores  are  never  subjectod  to  any  eompliealed  prelimi- 
DEry  operations.  The  granular  orea  arc  generally  held  together 
by  a  clay,  very  poor  tu  oxide  of  iron,  and  easily  removed  by  wash- 
ing {§  785). 

Other  ores  often  refjuire  a  prcliminury  roasting,  which  renders 
their  ^inciting  more  easy,  by  driving  off  the  water,  and  carbonic 
acid,  if  the  ore  is  carbonjited,  and  acting  especially  by  dinagregat- 
tng  the  ore,  and  rendering  it  porous  and  more  frinble. 

§807.  Wc  have  Been  (g  "flfij  that  the  oxides  of  iron  arc  very 
easily  reduced  when  heated  in  u  current  of  hydrogen :  their  reduo- 
tion  is  aUo  eifected  under  the  »aiiie  circumstances  by  carbonic 
oxide  ga-s.  It  may  hence  be  euppnsed  that  the  reduction  of  oxide 
of  iron  in  ores  lu  not  very  difliciUi;  hut  then  the  metallic  iron 
formed  is  still  intimately  mixed  with  the  gangue,  which  prevents 
it5  particles  from  uniting  together.      If  the  gangue  were  very 
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fusible,  it  woald  be  sufBcient  to  bout  iJie  ore  to  &  ricgroo  sufficient 

tto  fuse  tlie  former,  acd  by  then  bainmering  thia  metallio  tiponge. 

^e  particles  of  iron  would  uiiit«  tog«tb«r,  wliilo  the  gnngao  would 

e  pressed  oat  in  tbo  form  of  ecoruc.     But,  if  the  gangue  fuses 

rith  diiEcahj,  it  irould  mt*U  otiljr  ut  the  tempc-rnture  at  which  tlie 

ron,  in  contact  with  charcoal,  is  converted  into  cast-iron,  and  vrc 

'joutd  DO  loDg«r  obtAiu  malleable,  but  caat-iron.     Xow,  the  ordi- 

imiy  gsn^ue  of  iron-ore  being  quarts  or  claj,  which  are  two  nearlj 

ifiuible  substances,  two  proce»ra  are  adopted  to  fiue  them.     If 

oft  iron  is  to  bo  obtained  immediately  from  very  rich  ores,  the 

itter  are  lic&tcd  with  charcoal,  when  the  gaiigue,  combining  with 

portion  of  the  nnrcduccd  oxide  of  iron,  forms  a  very  luaittle 

loable  silicate  of  alumina  and  protoxide  of  iron.     A  very  high 

cmpernture,  therefore,  is  not  required;  the  iron  does  not  pojss 

ito  the  state  of  cast-iron,  und  it  suflices  to  hammer  iho  spongj 

BCtol  to  unite  it  together  and  press  out  the  scoriae.    But  a  quantity 

If  oxide  of  iron,  proportioned  to  the  quuotity  of  ganguc  in  the  Ore, 

' .  oecessarily  lost,  for  ntich  reason  this  process  cuu  only  be  adopted 

iho  case  of  very  rich  ores. 

If^  on  the  contrary,  the  iron  is  to  be  extract«d  completely  from 
le  ore,  the  silicate  of  alumina  must  be  tnado  fusible  by  giving  it 
lothcr  base  than  oxide  of  iron.  The  only  base  which  can  he 
>non)ieally  substittited  is  lime ;  bat  as  tbo  double  silicate  of  ala- 
itna  and  lime  is  much  les$  fu»ible  than  that  of  alumina  and  iron, 
high  temperature  ia  re(|uired,  and  the  iron  parses  into  ilio  state 
~  cant-iron,  which  liquifies  at  the  same  time  with  a  doable  silicate, 

As  may  be  seen,  the  results  of  these  two  methods  are  very  dif- 
tHU     The  first  is  ORcd  only  in  a  few  places,  as  it  required  rich 
>d  very  pure  ores,  and  consumes  an  iminen^  quantity  of  fuel.  It 
adopted  in  the  Pyrenees,  and  known  an  the  Ctitalaiz  method. 


TBEATMEST  OF  IROS-OEE  BV  TOE  CATAIA.V  METHOD. 

I  808.  The  Catalan  forge  consists  of  a  crucible,  or  hearth^  made 
a  quadrangular  cavity  U  (fig».  4^^0  and  481),  of  about  0.7  m.  iu 
Bpth.  and  supported  by  one  of  the  walls  of  the  forge.  The  crucible 
bsilt  in  solid  miisou-work  of  dry  stones,  fastened  together  with 
i^f.  The  part  of  the  mason-work  occupied  by  the  crucible  duos 
at  immediately  on  tJie  ground,  but  on  several  small  arches, 
prBvenI  iho  dampiwas  from  penetrating  the  cniciblo  and 
"ilenuipDg  the  hearth.  Above  the  arches  is  a  layer  of  scoriaj  and 
[day,  covpred  by  a  granito  slab,  which  forma  the  bottom,  or  the 
ijliwr  of  the  hearth. 

The  fuar  lateral  faces  of  the  crudble  rise  above  the  bottom 

StOIM. 
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The  front  fice  h  is  called  the  eMo,  or  fioss 
hole. 
The  opposite  face  i  is  called  the  eave. 
The  lefi  one  R  is  called  the  vorgtt. 
Lastly,  the  right  face  I  is  called  the  *r*  or 
contrcvvnt. 

The  fncc  of  the  chio,  which  prewinta  a  ver- 
tical surface  of  about  0.65  m.,  ia  formed  by 
three  pieces  of  iron  placed  end  to  end,  tba 
two  extreme  ones  of  which  arc  called  latoU 
role»\  that  tn  the  middle,  the  Tfttaiuiue,  serves 
ft«  ft  point  d'appui  for  the  levers,  or  fire-trvne^ 
with  which  the  workmen  raise  the  mass  of 
iron  formed  during  the  process. 

Tlie  left  face,  the  porgcs,  ia  vertical,  and 
composed  of  pieces  of  iron  t,t,t  (fig.  483) 
laid  endiviKe  upon  each  other. 

Tlie  right  face,  the  ore  or  contrevcnt, 
is  composed  of  pieces  of  iron  i,  i,  «  (fig. 

48S),'whicharo 
wedge-stmptd, 
and  slightly  in- 
clined, bcillK 
so  arranged 
that  their  sur- 
ftice  forms  a. 
curve. 

The  cave  t, 
which  consists 
wholly  of  ma- 
flon-work,fast- 
eiicdwithcUy, 
id  slightly  ia- 
cliii«aoutwsrd 
to  5*  or  8«. 

The  tiPyerZ, 
which  eonvcya 
the  blust  into 
the      furnace, 
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resta  on  the  upper  piece  of  the  porgcs,  and  is  made  of  n  conical  piece 
of  copper,  the  edges  of  which  arc  merely  brought  togellicr  withont 
soldering.  The  position  of  the  twycr  exert*  great  influence  over 
the  operation:  iu  inclination  varies  from  Sd°  to  40°.  The  wind 
is  conveyed  from  the  bellows  into  the  twycr  through  a  copper 
noulc  T,  fastened  to  the  wind-trunk  G  of  the  bellows  by  a  leather 
tube. 
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Th«  deptb  of  the  CuaUn  famac«  if  ftbont... O.'in. 

>Its  avermge  width,  from  the  chio  to  the  care 0.6 

^lu  arerage  width,  from  tb«  porgM  to  the  Iow«r  part  of  the 

coatrcvent O.T 

[ts  arerage  width,  from  the  porges  to  the  upper  part  of  the 
contrcvcnt ,.,.  1,0 

The  lellows  of  the  Catalan  forges  of  Arii?ge  is  call<d  a  trumptt^ 
ftrompe,)  and  ia  composed  of~- 

1st.  An  upper  basin  A  (fig.  481),  fed  hy  eprtng-water. 
S(L  Two  pipes  B,  of  about  6  metrea  in  height,  formed  bj  trees 
lollowed  out,  and  crossing  the  bottom  of  the  basin  A. 

3it.  A  lower  box  C,  having  two  openings,  one  at  D  below,  the 
Vtiier  aboT«  at  E,  to  which  is  fitted  a  tube  EF,  terminated  by  the 
rtnd-tmnk  G. 

The  upper  openbg  of  the  tubes  U  ia  contracted  by  the  boardl  a 
J  which  are  supported  by  bars.    The  aperture  formed  bjr  the  lower 
jtart  of  the  boards  ia  eaflcd  the  etrangaiiloHf  on  a  lerel  irith  which 
sides  of  the  tabes  are  pierced  with  inclined  holes  c  c,  called 
.  itMHg-h<!let,  («£piratcurB. )     Lastlr,  the  tubes  enter  the  upper 
rail  of  toe  box  C,  and  open  ut  a  small  distance  above  a  bench  a. 

The  water  of  the  upper  basin  A,  passing  through  the  ctransuil- 
in  into  the  vertical  pilots  B,  carries  with  it  the  extcrnul  itir,  u'uich 
tliis  way  passes  through  the  openings  c  c.  The  wau^r  breaking 
iTer  the  bench  escapes  through  the  lower  orifice  D,  while  the  air 
-aases  out  by  the  noulo  G.  The  position  of  the  boards  forming 
le  etrongnillon  is  regulated  by  wooden  wedges  g,  which,  being 
led  to  the  end  of  a  joiut^d  lever,  which  a  man  works  by  a  chain 
the  bottom  of  the  forge,  in  elevated  or  depressed  in  order  to 
abtatn  the  quantity  of  air  necessary  for  the  various  stages  of  tho 
vperation. 

The  beftUj  or  tilt-Jiammtrj  used  iu  forging  iron,  represented  in 
!g.  483,  consiste  of  a  cast-iron  face  P,  weighing  about  IJOU  kilogs., 
lounted  on  a  helve  of  beech-wood,  and  secured  by  iron  bands, 
rime  the  eadgeona  on  wluch  tho  hammer  turns  arc  fastened  to  a 
piece  n  fixed  to  the  helre. 
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7ho  hammer  a  raised  hy  meatm  of  iron  cams  i,  h,  (  on  Uie  water- 
irbeel  A. 

The  iron  anvil  S  is  fa4t«iiei]  hj  a  tenon  c  to  a  piece  o?  caat-iron 
f,  wfaicli  is  Jtaelf  solidly  act  bj  means  of  wooden  wedges  into  a  largo 
block  of  wood,  or  a  piece  of  granite,  B.  In  order  to  accelerate  the 
fall  of  the  hatomcr,  which  should  strike  from  100  to  12a  blows 
per  miiiute,  a  stone  on  which  tlie  heel  strikes  is  placed  under  the 
latter. 

^  809.  These  general  arrangcmenta  oFthc  forgo  being  ondersiood, 
let  us  now  examine  it  in  operation. 

Wo  shnll  supposo  that  the  mass  or  stack  of  the  preceding  opera- 
tion has  been  removed  from  the  furnace  to  be  forged  under  tho 
hammer;  and  that  the  workmen  arc  therefore  occupied  in  gcttLni 
op  the  fire  for  another  smoUing.  For  this  purpose  thev  with*' 
from  the  heiirth  tliu  liot  coals  which  are  still  there,  detach 
the  bottom  nxiA  sides  the  adhering  slag,  and  return  the  hot  coals 
to  tho  hearth,  which  ia  thus  filled  as  faij^  u  the  twjer.  A  work- 
man divides  the  hearth  into  two  parts,  b,ira  shovel  which  be  places 
vorticftlly  and  parallol  to  the  porgos,  so  that  the  division  between 
the  shovel  and  tho  porges  shall  be  double  of  that  between  the  former 
and  tho  cnntrcvcnt.  Othor  workmen  heap  charcoal  in  the  division 
between  the  shovel  and  the  porgvs,  and  ore,  broken  to  the  size  of  » 
walnut,  belwoen  tho  nhovel  and  the  contrevent.  The  shovel  is' 
graduull^-  raided,  as  tho  space  below  in  filled,  and  a  wall  of  ore  is 

thus  formed  rising  to  akoiit  0.2  m. 
above  the  contrevent.  The  ore 
ifi  spread  so  as  to  form  a  saddle- 
back dfg  (fig.  48a),  of  which  the 
edge  /  rests  on  the  one  iiiile 
against  the  cave,  and  on  the  other 
on  the  bcnnb  of  the  chio. 

The  surface  fg  ia  corered  by 
a  layer  of  hrafijuf,  (damp  char- 
coal,) well  heaped  up,  wliile  the 
space  M,  comprised  between  the 
wall  of  ore  and  the  furnace,  is 
filled  -with  charcoal. 

The  furnace  being  thnseharged, 
the  blast  is  admitted,  at  first 
slowly,  and  then  its  forco  ia  in- 
creased.  The  ore  is  thus  gradu* 
ally  reduced;  while  the  workmen 
take  advantage  of  this  period  to 
forgo  into  bars  the  stack  of  the 
preceding  operation,  whicli  they  have  divided  into  four  p&rts,  se 
we  shall  presently  see.  To  do  this,  they  heat  tho«e  masse-i  of  iron 
in  the  furunce,  by  placing  them  in  the  middle  of  the  burning  char- 
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^coal  in  th«  spoM  M  abore  th«  twy«r.     Wliea  tbo^  ore  flaffioIenUj 
lieated,  ihcy  are  removed  and  forged. 

Aj  tlio  cimrooal  dimiaishesi,  fresh  fuel  U  added,  and  small  ore, 
died  ffreilln'ie,  Ttliich  is  made  hy  the  breaking  of  the  ore  aa  it 
»me8  from  the  mine,  is  cbrdwu  in,  boJng  silighttj  inolstoned  with 
rater,  to  jircvcot  it  fruu  fulling  too  eiMil^  l)etiFe4;a  the  iuteraticea 
if  tbe  diarcoal. 
iRfloenced  hy  the  wind  projected  through  the  twyer,  the  cfaar- 
bara8  tu  carbonic  acid  in  the  upace  near  the  twycr,  while 
tlier  off  the  carbonic  acid  is  roduceil,  hy  tlio  charcoal  in  exce»s, 
ito  carbonic  oxide  ga«,  the  greater  part  of  which,  being  obliged 
psfid  through  tho  bighlj  heated  ore,  reduces  the  oxide  of  iron  to 
be  atate  of  metatlic  iron.     Bat  the  whole  of  the  oxide  is  not  re- 
iced,  as  a  portion,  remaining  in  the  state  of  protoxide,  cotabioM 
ith  the  gaogue  of  the  ore,  furming  a  rery  fusible  compound  sill- 
ite,  a  large  portion  of  which  raas  off  aod  collects  is  the  bottoin 
'  the  hearth,  whence  it  is  rcmorcd  b^  a  small  opening  in  the  chio. 
In  two  hours,  the  groillade  which  falU  with  thu  fuel  has  dopo- 
bted  a  certain  quantity  of  iron  at  the  bottom  of  the  hearth,  and 
ae  norkmaa  then  cotomencea  the   formation  of  the  viaiu.     lie 
lareaees  the  draught  of  air,  and,  hy  carefully  introdiiring  a  bar 
tveen  the  ore  and  the  contrerent,  drawn  that  ore  which  seema 
loro  adranced  near  to  tho  Lwjcr,  and  adds  at  the  same  time  an- 
ther ehnrge  of  charcoal  and  greillade. 
flvR  hours  after  the  commcaeement  of  the  operatiou  the  ore  baa 
MIon  into  the  hearth,  and  the  workman  ondeavours  to  unite 
:     '!»  fragments  of  spongy  iron. 
Diinng  the  hist  hour  of  the  proceiia,  the  workmen  break  the  ore 
ader  the  forgc-bammer,  and  iheo  sift  it,  in  order  to  separate  the 
Iveraleot  material  coostitating  tbo  greillade,  of  which  we  haT« 

»k6D. 

Tfaejr  then  remove  tbe  mtM  from  the  furnace  and  carry  it  to  the 

ner,  where  the  liquid  seorifl}  are  pressed  out,  and  the  Hpongy 

ia  rendered  marc  compact.     The  mass  is  then,  bj  mean!!  of* 

iron  weilge,  diviilcd  into  two  equal  parts,  called  Ttiijumytii'i, 

iddcb  ar«  hammered  into  long  paraltelopipedonE,  and  again  cut  into 

ro  eqnal  parta.    Four  pieces  of  iron,  culled  matsoqaeUea  are  thus 

lined,  which  are  rolled  into  bars  in  the  first  st«ge  of  the  sue- 

ing  operation. 

A  amAlting  by  tho  Catalan  method  generally  lasts  6  hoiira,  pro- 

■das  140  to  150  kilogs.  of  merchantable  iron,  from  470  kilogs. 

of  ora  and  about  fiOO  kilogs.  of  charcoal. 

Tbe  direct  extraction  of  iron  in  the  state  of  dnctile  metal  is  now 
perfonawl  only  in  the  Pyrenees,  Corsica,  and  a  few  provinoeg  of 
SjmiL,  th«  greater  portion  of  iron  being  obtained  by  means  of  blatit- 
fcnMM,  in  which  tho  metal  is  separated  from  its  ores,  as  perfectly 
u  pcMsiblc,  by  using  a  very  high  temperatorc,  ac  which  the  iron 
rZ  fi 
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combmcs  nith  a  certain  qnantity  of  carliOQ»  forming  a  much  more 
fusible  compound  tlian  duetilo  iron. 

TREATMENT  OF  IBOS-ORES  IN  THE  BIAST-FDRNaCE. 

§  830.   The  blftst-rnrnace  (fig.  484)  is  composed  of  two  trtinc»te<l 
cones  C,  6,  united  ut  their  bu&es.     The  upper  cone  C,  called  the 
beUi/,  (ciive,)  is  made  of  nn  inner  lining  ii'  nf  refractory  bricks,  sur- 
rounded by  ft  stratum  of  scorire,  or  broken  elag,  which  separalea  it  ^j 
from  a  Recond  brick  lining  W,  built  agsinst  an  outer  wall  pp',  9^  ^M 
of  «ut  stone  or  common  brick,  constitating  the  main  part  of  the  ^^ 
blast-furnace.     The  upper  opening  G  of  the  belly  is  culled  the 
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Fig.  464. 

tHititel-hrad,  (giieulard,)  and  ia  stirnioiintcd  by  a  chiuinty  F,  liaving 
one  or  several  dours,  through  n-hich  the  charges  arc  introduced. 
The  lower  cone  U,  called  the  l(rshet,  (etaliif:<.-t<,)  Is  gcnerully  nindc 
of  ({u»rtB09c  stones  difficult  of  fufiion,  iiiid  nliich   muiiC  bu  verj 
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kretullj  wlect«d,  «s  oa  them  the  duration  of  the  fum&oc  ^entlj 

lepcndft.     Id  some   furnaces  the  boshes  iru  mide  of  refneiory 

ricks.     Thej  trc  sometimes  joined  to  the  bell;  b;  m  cylindrical 

lioD  or  curve  A,  in  order  to  avoid  a  re-cnlering  angle. 

Below  the  bosbea  it  a  prismatic  e|>*ce  E,  called  the  t-^  of  Ike 

\earth,  inide  of  refractorj  atones,  {/ire-tfone.)     Three  of  its  sides 

lesceod  to  the  bottom  of  the  furnace,  or  the  crucif^U  D,  while  the 

Dnrtb  t  Btopa  at  a  few  decimetres  above  the  bottom;  this  side, 

rbich  is  called  the  tymp-plaU^  is  sapported  hj  strong  pieces  of  iron 

et  into  the  side-wntis  of  the  hcurth. 

Tho  bouom  of  the  hearth  U  formed  of  a  qttnrttose  stone,  beneath 
rhicb  are  openings  to  ullow  the  air  to  circulate  freely  beloir  the 
furnaoe ;  and,  in  order  to  prevent  the  accumulation  of  water,  whiiui 
Dtild  cool  the  hcartli,  and  eren  ^re  riae  to  Berious  accidents,  the 
ain  body  of  tbo  btast'furnaee  is  built  on  arched  galleries  IL 
Tbree  of  the  v&Ub  of  the  crucible  are  merely  prolongations  of  its 
Rides,  while  the  fourth  is  formed  bjr  a  prismatic  stone  J.  called 
tm-itone,  and  which  id  slightly  in  front  of  tho  tymp-platc;  so 
lat  the  anterior  part  of  the  hearth  has  an  opening  between  the 
tarn-stone  and  the  t}nnp-pl»te.    We  ehall  cftll  that  part  of  the  far- 
ice  on  which  the  dnm-Htone  and  Ijrmp-plate  rest  the  antfrior 
;  the  opposite  wilt  therefore  be  the  paaterier  part,  and  the 
ither  two  the  tidti. 
The  posterior  part  and  two  sides  have  lateral  openings  o,  called 
taydres.  or  twyers,  through  which  the  pipes  which  convey  air 
Iter  the  fnmace :   the!«>  openings  are  on   tho  same  horisontal 
plane,  a  little  above  the  lower  edge  of  the  tymp-plate. 
To  assilt  the  workmen,  four  niches,  allowing  them  to  approach 

the  twyers  and  hearth,  are  made 
in  the  main  body  of  the  famaoe, 
while  lateral  f;aUeriea  It  permit 
them  to  walk  more  freely  axouud 
the  furnace  and  to  examine  the 
twyera.  The  arrangement  of  tbe 
twycra  and  the  pipes  which  eoo- 
Yoy  the  air  from  the  btaal.«adtiM 
ia  seen  in  6g.  485,  which  r«pr«- 
sents  a  horizontal  sBeiiaB  of  t^ 
furnace  at  the  btjfht  of  Um 
tvyera.  Each  miaiXwak  hat  a 
register  or  raire,  to  rej^nlat*  tW 
quantity  of  air  admitted. 

The  blast'faniace  is  geoeraU/ 

built,  when  practicable^  sgsiw*  a 

hiU  (6g.  484),  and  streigtlwl 

by  mason-work-      A  1«1M>  k 

Fig.  4M.  lude,  at  the  height  of  tW  mmA. 
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on  the  fiidcs  or  top  of  the  liill,  a  briilgo  aa'  oommuniciitiDg  biitwcen 
thia  terrace  ami  tlie  platform  pp'  of  ibo  mouth.  The  terrace  is 
renchod  bj  an  inclini-a  pUiie,  to  which  the  ort:  and  fuel  are  con* 
Tcyed  by  machinery.  'I'bo  uiutGrial  is  then  trttnB|!orted  in  wagoni 
OTt  a  railway  to  the  platform  pp'. 

The  iwjers  of  hlast-furrmcca  are  double  conical  tubes  abed  of 
caat-iroQ,  or  copper  (fig.  iW),  and  as  their  ends  niight  melt,  in  con- 
sequenco  of  the  high  teinpi'rature  to  whiub  thpy  are  expoHcd^  a 
correut  of  cold  water  ia   continually  circulated    through    Ihoin, 

which, beiikg  introduced  through  the 
small  tube  t,  runs  oS  through  the 
tube  ('.  The  opening.s  of  the  twy- 
era  advance  &a  far  as  the  inner  wall 
of  the  hearth.  Thp  nozale  of  the 
wind-tube  B  ta  diapoacd  in  the 
twTcr,  and  comniunicntes  with  the 
cast-iron  tubes  of  the  blow iny-mao nine  by  a  flexible  leather  tube  A. 
The  three  twyors  arc  on  the  aumc  horizontal  piano,  but  the  axes 
of  the  two  twyers  on  the  t^iilos  of  the  hearth  are  not  prolongations 
of  each  other,  bt-ing  soparati-d  by  aome  centimetres,  ao  that  the 
two  currents  of  air  may  not  interfere  with  each  other. 

§  811.  The  blowing-machine  of  a  blust-funmcc  coiiaists  of  a  largo 
cast-iron  cylinder  A  (Gg.  487),  in  which  works  a  cust-ij-ou  piston 

P,  pacltcd  with  tow  or  leatner  to 
render  it  air-tight.  The  cylinder 
ia  closed  above  und  below,  and  on 
tho  upper  lid  ja  a  stuffing-box  m, 
through  which  the  piston  passes. 
Tht'  lid  hajs  also  two  side-openinga 
c,  c\  one  of  which  e  eommniiicates 
with  the  cxtornal  air  nnd  i»  fur- 
niahed  with  a  valve  which  opens 
from  without  inward,  while  the 
other  ir' communicates  with  a  late- 
ral cast-iron  cylinder  H  and  haa 
a  vairo  opening  from  within  oat- 
wurd.  The  bottom  of  the  cylinder 
has  also  two  openings  ;  one  at  n, 
having  a  valve  which  opena  from 
without  inward,  establiHhing  a 
communication  between  the  lower 
part  of  the  cylinder  and  tho  external  air;  and  oiio  at  r',  which.J 
ci>iiiiDiuucat«s  with  the  lateral  cylinder  B,  opening  from  withia, 
ootward. 

I>et  nssttppose  that  tho  piston  has  reached  it«  ma.Timum  ascent, 
and  begins  to  descend.  If  the  valves  c,  c'  are  eloHcd,  the  air  will 
expanded  in  the  upper  part  of  the  pump,  and  its  elastte  force  ' 
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bo  more  uod  more  feeble;  when,  the  external  exceeding  the  inter- 
as]  proBsare,  the  ralre  r' wilt  be  forcihly  uppliod  agninst  the  open- 
ing e' ftnd  intorct'pt  the  communication  between  tbv  upper  pnrt 
of  tfae  pump  and  to«  lateral  cjplinder  B.  The  r«lve  e,  on  the  oon> 
mrVy  will  ODCD,  and  the  external  air  will  enter  tie  upper  part  of 
tbc  pumpt  wiiile  Ihc  air  cDntaine<l  in  the  lower  part  will,  ud  the 
other  hand,  be  compressed  into  t  smaller  and  Btnallcr  »puco  u  tho 
piston  ilcsccnJs;  its  cla«tio  force  wilt  be  superior  to  tlmt  of  the 
c-stflrnal  air,  [he  vulvo  e  will  be  pressed  against  the  opening  c,  tha 
vslre  e'  will  open,  and  the  internal  air  will  be  driven  into  tha 
lateral  cvlioder  B,  nni]  theuce  through  the  opening  o,  into  the 
cast-iron  pipes  which  convey  it  into  (he  twyers.  Thus,  during  tbc 
descent  of  tlie  piston,  tb»  external  air  ig  iniipired  bj  the  upper  part 
of  the  pump,  while  that  of  the  lower  part  is  sent  to  the  twyer»,  tho 
tOTer«c  taking  place  during  the  aseent  of  iho  piston,  when  the  lower 
part  aspires  the  external  air,  and  the  upper  part  sends  its  air  to  the 
twjcra.  The  blowing-innchino  ihercforo  sends  a  continual  stream 
of  air  to  the  furnace  durini;  both  motions  of  tlie  piston,  the  blast 
being,  however,  sensibly  weakened  at  tho  moment  the  piston  changes 
llic  direction  of  ita  movement,  that  is,  at  the  dtad^ointt  of  the, 
alternate  iiior«mei)t ;  and  ati  it  i^  imporLaot  that  tfae  Usst  should 
be  as  regular  as  possiMc,  a  large  reservoir  is  interposed  between 
the  cylinder  B  and  the  twyers,  ao  as  to  prevent  the  variationa  from 
'being  felt  in  the  latter. 

The  working  of  the  blowing-machine  exerta  great  influence  over 
tbe  bt&st-furnacc ;  and  it  is  important  that  the  8team  engine  which 
moTea  it  should  be  able  to  impart  greater  force  than  is  usually  re- 
quired danng  tho  regular  working  of  the  famace,  in  order  that 
more  air  may  bo  seut  to  the  twyers  when  the  furnace  begins  to 
sUcken.  A  manometer  or  tjaugc  fitted  to  the  regulating  reservoir 
enables  the  workmen  to  judge  of  the  quantity  of  air  sent  lo  tho 
fomaco. 

In  large  cstnUisbmentB  scTeml  blBBt-furnocee  are  often  fed  by 
the  same  blowing-machine. 

%  812.  The  conBtniction  of  tho  blafiVfurnace  being  well  under- 
tlood,  let  us  now  study  tho  proceHs  of  smelting.  VTo  will  nupposo 
that  the  furnace  has  wen  just  built,  or  but  recently  repaired;  so 
that  the  first  process  is  then  lo  get  up  the  jfre.  It  is  begun  by 
drying  the  whole  furnace  Tery  slowly,  as  the  sudden  application 
of  beat  would  crack  the  raaBon-work,  and  endanger  its  stability. 
Ibe  anterior  part  of  the  heaj-th  is  open  and  the  dam-stone  d  not 
[jet  fixed.  In  the  hearth  and  the  arolied  Hpace  preceding  it,  fugots 
'are  placed  to  which  fire  ia  applied ;  and  while  the  belly  of  tho 
Idaat-funincc  acts  as  a  chimney,  the  inner  lining  first  dries,  and 
then  gradually  the  maia  body.  The  fire  is  kept  up  for  several 
days,  until  all  danger  of  cracking  the  walls  by  the  application  of 
peater  heat  is  over ;  after  which  the  dam-atone  is  fixed,  tad  fuel 
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thrown  ia  at  tlio  mouth  until  it  reaches  the  height  of  the  boshes. 
When  the  (ioaiccUlon  is  still  more  advanced,  the  bally  ts  filled  with 
fuc5  intended  for  smehing  the  ore,  and  some  air  i:i  admitted,  the 
blast  licing  gruduallj  inci-caacd;  and  ivhen  the  fuel  has  sunk  low 
enough  in  tLe  belly,  a  eiuall  charge  of  ore,  uniformly  spread  over 
the  charcoal  or  coke,  ia  introduced.  After  Home  time,  more  fuel 
is  added,  and  above  it  another  layer  of  ore,  which  proce»!t  is  gradu- 
ally continued,  eovoral  daya  being  required  to  introduce  the  charge 
which  will  be  retained  during  the  smeliiii;;. 

The  fuel  being  tlie  gieut  point  of  exponse  in  the  metallurgy  of 
iron,  economy  of  this  article,  tlat  is^  to  smelt  the  greatest  quantity 
of  ore  %v'ith  the  same  (luautity  of  fuel,  has  long  been  the  subject 
of  experiment.  The  proportion  of  ore  is  incrcaitcd  as  long  as  the 
furuace  works  well  and  the  iron  is  of  good  quality  ;  but  the  charge 
of  oro  must  bo  reduced  when  it  fuaca  with  dilhuuUy  and  furnisbM 
inferior  cast-iron. 

S813'  The  ore  can  rurely  be  smelted  without  the  addition  of  a 
for^gn  substance.  Its  ordinary  gangue  is  quartz  or  clay  ;  and 
now,  aa  in  the  blaet-furnaco  the  gan^gue  and  the  metal  muat  be 
reduced  to  perfect  fluidity,  In  order  that  they  may  ncparate  in  the 
hearth  by  their  respective  gravity,  and  as,  nio^reover,  it  is  pur- 
poaed  completely  to  extract  the  iron  ;  if  the  gangue  of  the  mineral 
IS  quartz,  this  substance,  being  infusible  at  the  temperature  of  the 
h last-furnace,  can  only  melt  if  one  or  auverul  bases  are  added  to 
it,  so  AS  to  form  o  eilicato  fusible  at  this  temperature.  If  a  fo- 
reign base  be  not  added,  the  quurtz  combines  with  a  portiou  of  the 
oxide  of  iron  of  tlio  ore,  which  it  thus  preserves  from  reduction, 
and  forms  a  fusible  slag;  in  which  case  a  considerable  proportion 
of  the  iron  is  lost.  But  a  proper  quantity  of  carbonate  of  limo 
will,  when  added  to  the  ore,  pas?i  into  the  belly  of  the  furnace  in 
the  state  of  caustic  lime,  which  combining  with  the  silicato  of 
alumina,  will  form  a  fusible  double  silicate  of  alumina  and  hnie, 
containing  base  sufficient  to  prevent  it  from  combining  with  the 
^de  of  iron,  and  preventing  its  reduction.  When  the  ore  only 
cnntaius  quartz,  both  olay  and  carbonate  of  lime  must  be  added; 
bat,  od  the  argillaceous  ores  are  much  more  common  than  thoec 
in  quartxose  ganeucs,  the  latter  nro  always  mixed  with  the  argil- 
laceous ores,  so  that  carbouutt;  of  lime  aluuc  is  needed.  The  car* 
bonate  of  lime  intended  for  this  purpose  is  in  Franco  called 
«i»titu. 

In  some  foundriea,  where  ores  of  which  the  gaugno  is  calcareous 
ore  smelted,  silicate  of  alumina  niuDt  be  added  to  obtain  a  proper 
a1»g.  In  general,  argilhceuus  ores  which  introduce  a  sufficient 
quantity  of  *ilicftle  of  ulumina  are  mixed  with  the  calcareous  ores, 
h'orgc  scoria-,  formed  of  a  silicate  of  tho  protoxide  of  iron,  vt'ty 
rich  in  iron,  arc  often  added. 

The  fusibility  of  the  double  silicates  of  alumina  and  Itmo  varies 
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with  the  proportions  of  their  conslitueut  priiici|>le.t.  Experiment 
b««  shown  the  most  fusible  eompouiid  of  the  kind  to  be  that  in 
which  the  oxygen  of  the  silicic  aciti  is  ilouhlc  the  oxygen  contained 
in  the  two  buses  united.  The  ratio  between  the  two  Laec«  in, 
moreover,  not  a  matter  of  indilTcrcncc  ;  the  most  fusible  compound 
\mBg  obtained  hy  adding  to  native  clay,  the  eompoAttion  of  which 
varies  hnt  little,  j)  of  its  weight  of  varbonato  of  lime. 

$  814.  The  fuel  used  in  blast-furaaccs  is  charcoal  or  coke. 
Charcoul  proJucca  bat  little  anhes,  which,  morcorer,  are  easily 
fusihte.  and  introduce  do  element  which  can  injarioosly  alTect  tJie 
qaaliticis  of  ihe  cast-iron.  It  ia  sought,  in  chaivoal  furnaces,  to 
obtain  s  Klag  as  fusible  as  possible,  and  as  free  as  mujbe  from  adj  cod- 
siderahlotjiiantitTofoxideofiron.  The  compMition  of  this  slag  there- 
fore reseuitfles  closely  that  of  a  most  fusible  double  silicate  of  olu- 
ntioa  and  lime,  that  is,  of  one  in  which  the  oxygen  of  the  silex  ie 
double  of  the  oxygra#f  the  bases.  Coke,  on  tho  contrary,  gives 
a  considerable  proportion  of  ashes,  and  sometimes  contains  a  laive 
(|uantitT  of  pyrites  yielding  sulphide  of  iron,  which  disaolrcs  tn 
the  cAst-iron  and  injures  its  quality.  If  it  id  now  still  sought  to 
obtain  the  mo»t  fusible  double  silicato  of  alumina  and  tiine,  a  large 
qnautity  of  sulphur  will  enter  into  the  cast-irou,  which  greatly 
actcriorates  its  quality.  Kxperimont  haii  proved  that,  in  order  to 
avoid  this  incoorenience,  the  proportion  of  the  flux  must  be  greatly 
increased,  and  a  slag  must  he  obtained  in  which  the  oxygen  of  the 
sitex  is  only  equal  to  that  of  the  united  bases.  The  lime  ihcii  pre- 
Tenle  the  greater  portion  of  the  eulphur  of  the  pyrites  from  passing 
into  (he  Ga«t-iron,  and  sulphide  of  calcium  is  formed,  which  re- 
ttaina  in  the  slag.  But,  the  slag  of  coke  furnaces  being  much 
lesB  fosible  than  that  of  charcoal  furnaces,  it  is  evident  that,  in 
order  to  obtain  a  sbg  sufficiently  fusible,  the  temperature  of  the 
C(Ae  furnaces  must  be  much  higher. 

§815.  The  dimensions  of  blnst-farnsces  vary,  according  ast 
charcoal  or  coke  is  the  fuel  used.  Charcoal  furuacca  are  generally 
80  feet  in  height,  from  the  bottom  of  tho  hearth  to  the  tannel- 
fa«ad,  and  commonly  have  only  two  twycrs  on  tho  sides.  Coko 
furnaces  arc  from  -15  to  d4  feet  high,  the  capacity  of  their  belly 
U  much  larger  thiin  that  of  the  charcoal  furnace,  and  they  are 
fed  with  air  by  three  twyers.*  Tho  blowing  machine  impels  the 
air  with  three  or  fuur  times  ns  much  force  as  that  uded  fur  char- 
coal furnaces.     The  height  of  a  column  of  mcrcur}'  balancing  the 


■  In  Engtniiiil,  from  >ii  (o  un  tirj«TB  %rt  wmMj  tm^ltjed,  ao'l  in  Uie  forra«r 
cut  tn  loMMiiiiM  ill«pD«<Hl  round  Ibc  rurb«te  in  fivo  arotifl  upmingi.  Lba  alxtb 
Mac  iatroduced  Uirougli  tbo  tjinp>ati>ii*,  a  fool  or  two  liiglior  tliiua  Um  oOun, 
M  lliat  »tz^ts  of  ur.  intmcciiiiK  «a«h  other  at  buhIo*  ot  tvO°,  br«  iattodnosd : 
«b«n  tea  twytn  an  mat4,  «&•  |iiiiMr«lr*  the  front,  wbilt  tlic  fdM  are  dlipoeod 
aa  ia  Ig.  t85,  tack  srcbei  ffpsalng  conUlaiug  tlir»«  Loatckd  «r  one. —  D*.  L.  F. 
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pressure  of  the  air  in  the  pipes  which  convej  it  to  the  twjers,  is, 
JO  g«aerikl,  aa  follows: 

In  a  furnace  fed 

By  Tcrv  light  piiie-wood 0.8  to  1.2  inchcB,  or    2  to  3  contim. 

■*  good  qunlitv  pine-wood. ..1.2  "  1.6      "         "     3  "   4 

"  hard  charcoal 1.6  "  2.4      "        "     4"  6       " 

"  ewtily-buming  coVe S.t  "  5.0      "        *'     8  "  18       " 

»  hard  and  compact  ook<!...5.0  '*  9.0      «     •«'  18  "  19      « 

The  wholo  quantity  of  air  projected  depends  on  this  prcMure 

ftnd  thv  diameter  of  the  hozkIc.     Largo  cimrcoal  biaBt-faroncce 

'  receive  at  least  1030  cubic  feet  (40  cubic  metres)  of  air  per  minute. 

Coke  fumaoce  never  receive  less  than  1620  cubic  feet,  (60  cubic 

'  Hietrcs.)  and  frequently  as  much  as  2HJ0  or  2700. 

§  Slli.  Let  U8  now  examine  a  blast-furnace  in  its  regular  work 
|(fi£.  4SS),  and  study  the  various  chemicai^e&ctionH  and  physical 
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phenomena  which  take  place  in  this  vast  spparatns.  We  have  said 
that  the  ore  and  fuel  are  chnrgtd,  layer  by  layer,  through  the 
tnooth  G  of  tho  furnace :  iho  charges  descend  regularly  toward 
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vbcre  tbe  highest  tcropcraturoprevaiU.    It  is  often  more  oxidizing 
in  the  lower  part  of  the  boshos,  hut  uiuc^  lcs»  th.'iii  in  tlic  heurth, 
because  the  greater  pai-t  of  its  oxygon  is  nJroa<lj'  converted  into 
carlonic  acid;  the  temperature  is  also  much  lower,  for  the  combiis- 
tioD  is  less  active.      Toward  the  middle  of  the  loshes,  the  gaa  tio 
longer  containii  oxrgcn,  the  carbonic  acid  being  converted  into  car- 
Ionic  oxide  by  ontuct  ^rith  tho  burning  charcoal;  nnd  as  thia^ 
transformation  takes  place  with  absorption  of  heat,  the  tempera- J 
tare  lalla  rapidly  in  iliin  part  of  the  furnace.     Above  the  boshes, 
the  gas  is  reducing,  bccnusc  it  is  composed  only  of  nitrogen  and 
oxide  of  carbon ;  and,  as  the  temperature  is  xtill  that  of  a  red-heat, 
the  oxide  of  carbon  reacts  on  tho  oxide  of  iron  in  the  ore  through- 
out the  whole  of  the  lower  part  of  the  belly,  reducing  it  to  metallic 
iron.     But  the  temperature  is  not  sufficiently  elevated  to  separate 
the  iron  from  the  ganguc.     As  both  by  the  reduction  of  the  ore{ 
and  the  calcination  of  the  flux,  carbonic  acid  is  disengaged,  the  got 
issuing  from  the  mouth  must  contain  a,  considerable  r|uaniity  of  tniB 
gas,  the  temperature  of  which,  however,  is  greatly  lowered,  from  iti 
hating  passed  through  the  upper  layers  of  recently  introduced  fuel' 
and  ore,  and  there  oooled,  not  cnty  because  they  have  abstracted! 
from  it  heat  necessary  to  elevate  their  own  temperature,  but  also' 
because  a  great  portion  of  the  heat  has  become  latent,  in  conse> ' 
qQ<>nce  of  the  vnporizatinn  nf  the  water  which  moistened  the  fuel, 
and  the  ore,  or  which  was  in  combination  with  the  oxide  of  iron. 

§  818.  Let  OS  now  follow  the  downward  march  of  the  ore  andj 
the  fuel.     Those  substances  dry  in  the  upper  part  of  tho  furnace,  < 
and,  when  they  have  fallen  some  metres,  reach  a  temperature  atl 
whieh  the  hydmted  Pcs'iuioxidc  of  iron  loses  its  water.     A  little] 
luvrer,  the  reduction  of  o.\idc  of  iron  tukca  pluov  and  the  llux  begtoftj 
to  lose  its  carbonic  acid ;  while  tho  reduction  of  tbe  oxide  and  the] 
i-uloiiiiitiori  of  the  fiux  are  completed  in  the  lower  part  of  the  belljj 
and  the  boshes.  When  the  charges  reach  the  bottom  of  the  boshesi,] 
irhcrc  a  much  higher  temperature  exists,  the  lime  combines  with! 
the  gangue  of  the  ore  and  with  the  ashes  of  the  expended  fuel,] 
fomtiivg  iDQltiple  silicates,  which  come  into  fusion  at  a  lower  P'Ointj 
nnd  constitute  the  slag.    The  metallic  iron,  finding  itself  at  a  higbf 
lemperatUTC  In  contact  with  charcoal,  in  an  atmosphere  very  ulightlj 
oxidizing,  combines  with  a  certain  quantity  of  carbon,  and  passes 
into  the  state  of  cast-iron.     A  small  quantity  of  silicic  acid  is  also 
reduced  by  the  contact  of  the  charcoal  and  iron,  if  the  tempera* 
ture  be  very  high,  as  it  is  in  coke  furnaces ;  and  its  silicium  com- 
bines with  tho  metal.     The  8uhBtance&,  thus  prepared,  enter  the 
bo&hes  of  the  furnace  with  the  balance  of  the  fuel.     Combustion 
there  is  very  active,  and  the  cast-iron  and  silicates,  becoming  very 
fluid,  fall  by  drops  into  the  hearth.     Unt  as  thf:  air  in  the  latter 
part  ia  very  oxidijiing,  they  must  fall  rapidly,  as  otherwise  a  con- 
siderable portion  of  the  iron  would  again  be  oxidired  and  combined 
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■with  the  dross.  It  is  therefore  very  important  that  the  bell^  shoald 
he  eontrictcd,  in  order  that  the  ttubstances  msj  kooq  puss  through 
'').    The  cut-iron  and  slag,  J'uJling  tndiacriiuinatel;  into  the  hcarm, 
eparate  according  to  lb«ir  densities,  the  cut-iron  oceapTinc  the 
jwer  part/of  tht;  hearth,  and  leaving  the  slag  aboTc.    Very  soon, 
lie  layer  of  slug  reaches  the  tipper  level  d  of  the  dam-etone,  nnd 
ofcs  over  it,  vhcn  tho  current  of  elag  tbaa  occasioned  ia  directed 
rer  the  inclined  plane  bd,  and  removed,  as  fast  as  it  beoouien  solid 
the  floor  of  the  foundry.     The  volume  of  elaj;  is  at  tvwt  5  or  6 
imes  greater  than  tliat  of  tlte  cast-iron,  and  the  hearth  U  not  en- 
trelj  6Ii«d  with  the  littter  until  after  tho  lupee  of  13  or  24  hours. 
ia  esoentiol  to  keep  a  Inycr  of  slag  over  the  cast-iron,  to  prerenl 
«  latter  from  bciug  oxidised  by  tho  air  from  the  tvryers. 
Tho  nest  step  is  to  tap  it.     fhe  workmen  have  made  a  series 
'  antall  latent!  caualg,  or  rills,  in  sand,  on  the  floor  of  the  foundry, 
Dnoectiiig  with  a   longitudinal  eannl,  nhich  communicutcs  with 
bale  in  the  dainsione,  called  tho  tap-hole.     Tlio  tap-hole,  which 
made  in  tho  hearth,  near  one  of  tho  lateral  edges  of  the  dam- 
le,  u  closed  during  the  smelting  with  a  stopper  of  clay.     In 
ler  to  draw  off  the  molted  iron,  the  workman  removes  the  stopper 
rith  a  h&r,  when  the  li<|nid  cast-iron  runs  into  all  the  rills;  and 
rbeo  it  begins  to  solidify,  ho  throws  a  little  eaod  upon  it  to  retard 
cooling.     Daring  the  tapping,  the  blast  through  the  twyers  is 
rrcaicd,  and  the  blowing-machine  is  sec  at  work  again  only  whea 
M  tap-hole  is  closed  and  the  hearth  empty.    The  cast-iron  is  thus 
ID  into  semi -cylindrical  pieces,  called  pigty  or  pig-mttah 
%  819.  Large  objects,  such  as  water-pipes,  pillars,  and  parts  of 
IID-«Dgines,  etc-,  are  sometimes  cast  immediately  from  the  blast- 
Thc  cast-iron   is   then  run  into  moulds  of  sand,  con- 
icted  in  ditches  in  the  floor  of  the  foundry,  at  a  short  distance 
the  fnrnuce,  small  canals  connecting  the  moulds  with  the 
tnal  wbioh  leads  the  cast  metal  from  the  tap-hole.     When  the 
are  filled,  the  surplus  is  run  into  pigs. 
A  great  nutnbor  of  smaller  objects,  such  as  pots,  plates,  grates, 
•t  are  mouhUil  in  the  same  way.     It  is,  in  that  case,  not  nccea- 
'  to  wait  until  ibo  hearth  is  filled,  but  the  process  can  be  carried 
I  without  iiiterrupliou  daring  the  smelting;.    The  foundry  building 
ftt  be  lazgc,  as  the  moulds  occupy  a  considerable  amount  of  space. 

The  fused  metal  is  received 
at  the  tap-bole  in  sheet-iron 
vessels  (fig.  489)  lined  with 
clay,  and  carried  by  two  men  ; 
Fig.  489.  and  tho   tap-hole  is  closed, 

ft«r  the  metal  has  run  out,  by  a  clay  tilupper  fastened  to  the  end 
r  an  iron  rod,  so  that  it  oao  bo  removed  at  will. 
i  820.  The  fused  metal  of  charcoal  furnaces  can  be  almost  always 
Bw4  immediately  for  casting,  when  tho  ores  are  not  too  impure, 
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vhich  is  not  thecnse  when  coke  furnftRcs  arc  ■asfid  ;  nietn.1  for  C8 
iug  being  obtained  in  tW  Utter  nnlj  by  directing  the  emclting  in 
a  peciilia.r  WRj,  and  u»ing  n  colie  which  docs  not  contain  too  much 
pjTitea.  We  Lave  seen  (§  800)  that  there  are  three  species  of  cast- 
iron — white,  graj,  and  mottled  iron;  but  of  thuse  the  gray  and 
mottled  iron  only  are  fit  for  casting;  irl)it«  irc»n  beiiij;  too  brittle 
for  ordinary  purpospjt.  When  grny  iron  i«  to  bo  obtained,  the 
proportion  of  the  ore  mast  be  lesa  than  the  niaximuin  power  of  the 
charcoal,  as  otherwise  the  least  derangement  in  the  working  of  the 
furnace  would  produce  white  cast-iron. 

The  working  of  the  binat-furnnce  may  be  aflcertalned  hy  the 
flunc  at.  the  tun  net -hen  d,  by  that  at  the  tymp-pUte,  the  nppear- 
Uce  of  the  twyer,  that  of  the  civst-iron,  tho  regularity  of  the 
descent  of  the  charges,  and  principally  by  the  nature  of  the  slag. 
The  workmen  thus  can  know  when  it  maybe  necessary  to  increase 
or  diminiHh  the  charge  of  ore. 

§  821.  The  relative  dimentiians  of  the  va.riou3  parts  of  iho  blwt- 
furnace  greatly  inUuencc  its  working.  Now,  several  of  these  parts, 
priiicipuliy  the  belly  and  boshes,  become,  after  a  time,  altered  by 
the  corroding  action  of  the  alag  and  the  high  temperature  to  which 
they  are  subjected ;  and  when  the  furnace  then  works  to  a  disad- 
vantage, it  is  oftrn  neccsnary  to  modify  the  relative  proportions  of 
the  fuel  and  ore,  to  introduce  more  charcoal,  and  eren  to  »top  aad 
blow  oHt  the  furnace,  when  the  caat-inetul  can  no  longer  be  obtained 
of  sufficiently  good  qimtity. 

At  the  Leginning  uf  the  smelting,  the  belly  \»  narrow,  and  the 
tnateriats  descend  into  it  »lowly.  If  tho  fuel  falls  in  sufficient 
quantity,  the  iiialeriiila  remain  long  enough  iu  the  region  of  the 
highest  temperature  for  the  cast-iron  and  sing  to  acquire  the  flu- 
idity ncccBsory  for  the  pLTfecl.  scpnrntiun  of  these  BubstanoeB  in 
the  crucible  part ;  but  if  tiie  charcoal  burns  oasily,  oa  it  docs  when 
Rindc  from  light  wood,  and  if,  luoreorcr,  the  blast  be  Htroug,  then 
but  Utile  charcoal  will  reach  thu  bully,  the  oxidising  space  will  rise 
Tery  high  in  tho  boshes,  the  reduced  iron  will  not  remain  long 
enough  in  contact  with  tho  charcoal  to  combine  with  the  quaatity 
of  carbon  nece»aary  to  convert  it  into  an  caaiiy  fuHiblo  cust-irou, 
and  a  portion  of  the  iron  will  be  oxidized  by  pussitig  through  tho 
air  of  the  Iwyers,  and  paes  into  the  slag.  Tho  crucible  will  there- 
fore cuntairi  only  a  half-refined  CiUt-iroii,  not  sufficiently  Guid.  and 
the  yield  of  the  furnace  will  be  small,  because  ft  considcrnbic  quan- 
tity of  the  irOD  will  be  lost  in  the  slug.  Frequently,  also,  ]us»9ca 
of  noo-carburetted  iron,  which,  consequently,  aro  difficult  of  fuftion, 
adhere  l«  the  aides  of  tho  bostics  immediately  above  the  twyers, 
where  tliey  are  cooled  by  tho  blast,  and  obstruct  the  drau^lit. 

If,  on  the  contrary,  the  belly  is  too  large,  and  not  Kullicienlly  high; 
if,  iDoreovvr,  the  cburcual  buru»  with  difSculty,  or  the  blast  is  too 
feeble,  then  the  comhosLion  will  bo  very  active  in  thu  belly  itnmo- 
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diatel^  Bbore  the  ivr^cra,  bat  the  t«Tnp«r*carfl  will  bo  too  ton  id 
tbe  boahes.  T)ie  msterisls  will  not  b«  iutliejontly  prc|iHrr<l  oo 
their  ftirival  in  llie  boabes,  not  having  bad  time  to  sttain  tbe  pro* 

Eer  tfniperaiure ;  tbe  iilsg  will  be  doughy,  And  the  furumcc  may 
ecotoe  choked. 
An  ineoDveniGtioe  of  the  same  nnluro  occura  when  ore  in  com- 
pact rocks,  impervinus  to  gases,  or  forge- ciiide re  ari;  smelted.  Th* 
oxide  vf  iron  is  reduced  with  great  difficulty  hy  tho  carbonic  oxido 
gu  in  tbe  upper  partd  of  the  furiiac«,  because  the  reducing  gas 
cannot  penetrate  tbe  small  muraea  of  metal ;  tho  roductloo  in  tbcre- 
fore  effoctcd  hj  the  charcoal  alone  and  in  tb«  belly  it«clf,  nhon 
tbe  fused  materials  Sov  on  tbe  fuel.  The  materials  do  not  remain 
lonft  enouph  in  contact  with  the  charcoal  to  eficct  the  perfect  re- 
daction and  icparaiion  of  the  cast-iron.  The  oio  is  then  Raid  to 
be  ttiffieult  to  melt,  to  bo  refractorif ;  bnt  it  would  be  incorrect  to 
Bay  that  it  la  diRicult  to  reduce.  This  inconvenionce  ia  leii^c^ned, 
in  the  caao  of  the  compact  orea,  by  objecting  thctn  to  a  prelimi* 
auT  roasting,  which  disaggregates  and  renders  them  porouo. 

Gmtrally  speaking,  the  working  of  a  blaat-fumaoe  must  bs 
stopped  when  its  betly  and  boslics  become  too  much  enlarged  by 
the  corroding  action  of  tbo  sing.  As  it  would  then  be  necenMry 
greatly  lo  tiicrca«o  the  (quantity  of  fuel,  it  ia  more  profitable  to 
stop  and  repair  the  furnace.  A  vcll-con»tructfd  furnace  should 
continue  in  blast  for  at  least  2  years;  but,  under  favourable  cir- 
coEUHlances,  some  furnaces  have  lasted  for  4,  tt,  and  even  6  years. 
When  the  furnace  is  out  of  aervice,  it  ia  emptied  completely, 
allowcil  to  cool,  and  the  int«rior  torn  out,  nbile  the  main  bod/ 
rarely  rc-juires  any  repairis  and  need  not  be  touebed. 

§  b^2.  'i'be  cold  nir  impelled  into  the  blaai-furnace  absorbs  a 
eotwiderable  portion  of  tbe  heat  developed  by  tbe  combaation  in 
tbv  boabes,  in  order  to  attain  the  temperature  which  there  exists. 
This  ■bflorption  of  heat  xa  diminished,  and»  consequently,  all  other 
things  being  ei^aal,  the  temperature  ri^es  higher  in  the  bushes  if, 
tnat^d  of  using  cold  nir,  an  c<|ual  weight  of  uir  previously  healed 
ta  400**  or  600"  is  impelled.     The  mati^riats  which  arc  di^icutl  of 
fnsiun,  and  do  not  become  sufficiently  tluid  in  u  cold-Mast  furnace, 
mi-lt  pr-rfectly  when  it  is  fed  by  hot  air,  white  uucb  charooal  as  ts 
of  dilhcolt  cunibuition  bums  more  easily,  because  the  combusti-' 
bility  of  charcoal  is  in  proportion  to  the  elevation  of  tempera-' 
tare.      The  most  refractory  materials   may,  therefore,  be  fused 
with  hot  air,  and  dense  fuel  may  be  used  which  would  burn  with ' 
difficulir  in  a  coM-blnst  furnaee.  ' 

When  a  bot-blaat  furnace  m  set  at  work  with  the  ore  and  fael^ 
ad«i)aate  for  a  good  smelling  in  a  cold-blast  furnace,  tbo  propor- 
tion of  the  fuel  may  be  considerablj  dimiuinhed,  nud  a  good  bl»»t' 
y«t  be  obtained;  but  it  is  important  to  remark  that  tbe  8ub«titu< 
tioQ  of  heated  for  cold  air  remarkably  modifies  tbe  reaetiona  whiot 


w 


IRON. 


tnko  plftc«  in  the  various  parts  of  the  a.ppiir»tti5.  The  quantity 
of  chnrconl  \g  smaller,  unci,  moronvcr.  It  burns  more  rnpidly  ;  and, 
therefore,  tie  qusntit;  of  air  introduced  being  in  proportion  to  tho 
chtircnal  burned,  the  weight  of  gas  which  traverspji  the  furnace 
during  the  rotation  of  the  hot  uir  is  less  in  compariaon  with  the 
weight  of  the  ores.  Now,  as  th«  temperature  of  the  boshes  is 
supposed  to  be  tho  enmc  in  both  cases,  tliero  will  be,  in  the  middle 
and  upper  part  of  the  furnace,  less  heat  with  ihe  hot  Hast  than 
with  the  cold,  and  the  charcoal  being  more  combnatihle,  the  «paee 
of  the  innxiiiium  of  leinperuture  will  be  more  confined.  These 
two  causes  detcrinine  important  roodtficntiona  in  the  nature  of  the 
chcmtctil  reactions  wliicli  take  place  in  the  vnrious  parts  of  the  fur- 
nace, particularly  in  front  of  tho  twyors,  nnd  thej  inny  exert  a  ooo- 
eiderable  inlliicnce  on  thv  quality  of  the  caat-irun  obtained. 

The  eeoiioiiiy  of  fuel  t-ffeetci  in  the  blusl-furnnce  by  the  ase  of 
hot  sir,  would  loRO  a  groat  deal  of  its  importance  if  it  were  QOCCfr- 
8ary  to  burn  charcoal  to  heat  tho  air;  and  the  couibusttblo  gases 
which  Uivo  from  the  tunnel-head  aro  therefore  applied  to  this 
purpose.  To  effect  this,  an  oven  is  built  above  the  mouth  or  im- 
mcdialcly  at  itA  side,  surmounted  by  a  chimney,  in  which  cast-tron 
pipes,  traversed  by  the  aif  of  the  blowinf^-machines,  arc  inserted. 
T&«  flame  of  tho  tunnel-head  enters  this  oven,  and  if  the  pipe«  are 
properly  arrnngcd,  the  air  may  be  heated  to  500*  or  <5l>0'^. 

In  the  majority  of  fouiulrles  in  which  hot  air  has  been  Buhstl- 
tuted  for  c<ild,  there  is  considerable  economy  of  fuel  effected,  while 
unforeseen  difficulties  have  also  arisen,  causing  thia  new  applica- 
tion lo  bo  abandoned,  so  that  only  few  hot-blaat  furnaces  are  now 
in  use.  The  working  of  the  furnace  was  more  difficult,  and  the 
quality  of  iron  yielded  very  irregular. 

§823.  The  combustible  ga.ses  which  escape  from  the  hlast-fur- 
nnce  are  capable  of  producing  by  burning  a  quantity  of  heat  greater 
than  that  developed  in  the  blRHt-furnaco  itself,  und  not  one-half  of 
the  heat  evolved  by  the  fuel  in  this  apparatus  has  yet  been  ad- 
vantageously applied. 

In  fttcl,  expei'inient  boa  proved  that  1  litre  of  vapour  of  carboti 
produoea,  by  iu  complete  combustion,  2  litres  of  carbonic  acid,  and 
evolves  T&68  units  of  heat;  that  is,  a,  quantity  of  heat  capable  of 
raising  tho  temperature  of  "tS'f^  timea  it»  weight  of  water  by  one 
degree  {Crltim).  Two  litres  of  oxide  of  carbon,  containing  1  litre 
of  vapour  of  carbon,  consume  1  litre  of  oxygen,  and  yield,  by 
burning,  2  volumes  of  earbonio  acid  and  6260  units  of  heat.  The 
quantity  €)f  heat  evolved  by  the  transformation  of  1  litre  of  ^■n- 
pour  of  carbon  into  2  litres  of  oxide  of  carbon  is  therefore  only 
\i>i*ii  units,  or  0.2i!4  of  the  total  quantity  of  heat  which  the  same 
quantity  of  carbon  evolves  by  complete  combustion  and  vonveraion 
into  carbonic  acid.  It  may  be  easily  concluded  thence  that  car- 
bonic acid,  by  being  converted  into  oxide  of  carbon,  absorbs  a 
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considerable  qnsntitjr  of  beat ;  bdiI  thai  is  cxp1iiiQ«d  the  cooling 
rbick  take*  plac«  in  tlie  blast-furnaco  nbore  the  boshes.  In  Tact, 
_  liire  of  rapoar  of  cnrhon  yieMs,  by  complete  combustion,  1  litre 
if  cmrboDic  acid,  and  diMUgages  3!t20  uniu  of  beat,  wbilc  1  litre 
kf  carbonic  acid  combines  vrilb  ^  litre  of  vsponr  of  carbon,  yteld- 
ig  :J  litres  of  oxide  of  carbon,  which,  by  complete  eombujtion  and 
iD^ormatkin  into  2  litres  of  carbonic  acid,  evolve  02i!Q  unics  of 
kest.  Thus,  in  these  successire  cumbuaiiona,  1  litre  of  vapour  of 
irboii  has  yielded  a  sum  total  of  boat  disengaged  equal  to  802^+ 
|2€0el0l89.  The  same  litre  of  vapour  of  carbon,  burning  com- 
pletely ininicdiately  and  being  converted  into  carbonio  acid,  would 
togsge  T^5£  anita  of  heat.  The  conversion  of  1  litre  of  car- 
aio  acid  into  2  litres  of  carbonic  oxide,  therefore  absorbs  a 
|oaatity  of  heat  represented  by  10189— 78;)8«=233l  units,  which 
again  evolved  when  the  oxide  of  carbon  burns  in  order  to  be 
[transifonned  into  carbonic  add. 

The  heat  disengaged  by  a  4  litre  of  rapoiir  of  carbon  burning 
the  belly  of  the  furnace,  and  being  converted  into  carbonic  acid, 
represented  by  3929  units.  In  the  boshes,  the  carbonic  acid 
[formed  combines  with  a  }  litre  of  vapour  of  carbon,  and  causes 
[2831  units  to  pass  into  the  latent  state.  If  the  very  feeble  calo- 
rriGc  cETcctd  which  are  produced  daring  the  reduction  of  the  ores 
\\>y  the  combusliblo  gasea  be  neglected,  there  is  no  other  evolution 
lof  beat  in  the  blut-famace,  and  combuetible  gases  therefore 
llittrn  at  a  dead  Ices,  or  escape  from  the  tuuncl-nend  of  the  fur- 
inacei  by  diMtiguging  G2fJ0  units  of  heat,  which  is  a  quantity  of 
llieat  nearly  double  of  that  used  in  the  blast- furnace  itself. 

Id  latter  years,  attempts  have  been  made  profitubly  to  use  this 
[great  loss  of  heat.     We  have  said  that  it  had  been  used  to  beat 
[the  air  projected  into  the  blast-furnace;  but  it  has  been  also  em- 
l|iloyad  for  the  preliminary  roasting  of  the  ore,  and  is  now  applied 
le  hMting  the  boilers  of  the  steam-engine  which  drive  the  blow- 
ling-machines,  as  the  gaH'B  from  the  mouth  of  tbe  furnace  evolve, 
iwule  burning,  a  quantity  of  heat  sufficient  to  give  the  necessary 
iBOlive-powcr.      Siill  further  progress  has  been   made   in    some 
ifovndries:    the   gasei  from    the  binat-fumacc    have   been  drawn 
[oat  Bt  the  distance  of  several  uiclrea  below  the  mouth,  end  c-urried 
I  by  pipes   into   reverborntory  furnaces,  where  they  wore  burned 
with  a  proper  quantity  of  air,  by  whioh  means  a  temperature  was 
obtaJoed  in  these  furnaces  sufficiently  elevated  to  perform  many 
tDfll«Uorgic  operations,  cdpccially  the  traiisfonnatjon  of  coal  into 
bar  iron.* 


*  This  iB  •  miitakf ;  frr  althvugti  viptTiiseDU  liarc  bv«u  loiulr,  ■iiiiulUneouily, 
Ifl  SSXntttX  put*  of  Soulbcrn  Gfriatnr.lti  Uutghry,  Itolietniik.  Knd  in  Fraaca,  uid, 
bt  a  lattr  petted,  olio  in  [h«  I^Dit«d  Slatei.  lo  employ  ibc  lust  h«nt  of  blurl-IVir- 
Bftcn  Tor  pviIdUng.  etc.  tkoj  ware  all  u  ilguol  fitilarc.  baling  licvu  aiiul*  Id  works 
wfccro  cLareoal  «h  •■plojvd  as  fuel,  which,  drTclopiii^  n  lUurs  liiuileil  quuutity 
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S  824.  TliA  cut-iroD  nsed  for  tnoaliiDj;  immediately  fts  it  k-avca 
the  fiimaoe  is  genernllj  the  fine-erained,  grny  cnsl-iron,  as  fre« 
U  pos8iM«  from  grapIiilouB  pnrticres,  which  vouM  iniik«  the  ir«i| 
poroQiS.  Frc(|ueuitj  bltjecls  of  cusl-lroii  tire  mndc,  the  surface  of 
frhich  ehould  b?  very  hard  ;  as  for  example,  certain  cylinders  u$ed,< 
in  rolling.  A  cliiok  cast-iron  mould  is  used,  into  which  the  fusci 
inctal  is  poured,  gcncmlly  through  the  lovrer  part  of  the  mould. 
The  meuU  suddenly  cooled  by  the  contucl  of  tlje  tluok  idouI 
which  is  a  good  conductor  of  heittr  passes  intn  the  state  of  vhic« 
caat-irou  in  tho  nci^libourliood  of  the  mould,  and  Its  surface  be- 
comes very  hard,  while  the  JBterior  of  the  cylinder  remains  iit  tho 
&tatv  of  gnty  cuAt-iron,  and  retains  malleability  sufSoteat  to  {ureTODt 
the  piece  from  breaking. 

§  826.  A  larf:c  portion  of  ctkst-iron  is  used  in  foundries  remoiA' 
from  ihc  furnaces  in  which  it  is  made.  These  foundries  ara 
generally  .litunted  in  large  cities  or  their  environs,  bo  as  to  iro  abl» 
to  cast  at  aljort  notice  the  objects  ordcved.  Sometimes,  rery  large 
pieces  are  re<{uireil,  demanding  more  metal  than  can  be  contained 
in  the  heartli  of  a  single  furnace;  and,  iu  such  casea,  the  moold- 


of  eomboatible  gnsM  than  litumtnong  conl,  conlJ  not  tlTord  luScicnt  heat  far  ibm 
puTfoto  i  and  IxwidM,  M  h*t  ni  the  csut-ir^ii  hiih  i>uriflist]  bv  Uift  proc^i  of  pi 
ilUii^  Trfih  impnritifii  n(>r«  cnatlnnll;  boliig  broiigiit  in  vith  Ibv  giu«i>.  Aii<ilh< 
^(iiLt  'liflioiilty  wn3  iliut  of  obtklnlng  &  ^onfitfint  temperature.  Tbe  r^morlui  in  tli« 
test  prubntilj  ri'fi>r  lo  »  pataoit,  talion  by  Sire,  in  1SS^,  in  Friinco.  whidi,  to  tUa 
bckt  of  Iiij  ktiuwIitilK*.  n«v>r  wu  irnrken,  nml  cor*i«t^il  in  iLrnwitiR  off  Llis  bltul* 
fumucc  sutii  ni  tliv  bnsliM,  and  buraliig  Uiem  Id  r«verbtrtit»[ii!ii  inmeiliitivly 
(u^noflnt;  a  pracos*  by  wLicli  tlio  woi'kiui;  uf  tliu  blu»t-furuiKo  mual  uticcMtkHI/ 
be  Erectly  inpftlred, 

tho  inT«iili4n  fl  M.  Fab«r  iu  I'anr,  of  WurtvmbvrK.  coudiAtiQ);  of  drftirilig  off 
giaet  a  flhort  iliilaneo  b-elaw  Ibo  lunD«l-hoad  of  tiic  furnace,  anit  bnrning  tltsD^' 
pftHly  in  diambers,  in  whioh  tha  pipes  ooDvoj'lng  il>i<  blant  urn  arranged,  b, 
wbich  Ui«  nir  u  heated  lo  400*  or  800",  and  partly  umler  iba  it(!«m*boUar>  of  ' 
blaal-maoliine.  vith  Jcu  of  air. 

RxpcriciicD  bits  bIjcihu  tliat  cumbuiitible  guai-a  cBuuot,  vrlllioiil  affecl!nf  tha. 
procraa  !t>  tbe  blost-furna^t,  hr  ilrnnii  ulT  at  miirc  ibau  ouO'nixlU  uf  tb«  wbala 
nelKlit  of  tlic  furnuct  below  Ibc  ttuincl-lieail.  1'hc  beat  proem  is,  howvrcr,  de- 
oidcdU  that  employed  in  acTcral  roraivcca  iii  Kii|i''w'  *iae«  lt)&l,  espetiallj  at 
Bbbw-Viilo;  in  which  cnao,  n  truncatod  ioTarlsii  cone  ii  init-rlcd  in  tha  tnnn*l« 
bead.  wIjUd  th«  nnilfir  oponinp  in  entirely  clospd  liy  niiintlier  roiici,  placed  uptijht, 
ond  bald  in  it*  p1ni.-t>  by  n  cbalu,  I^Ter.  and  conn  lor  poioci.  Tbe  obHrE«  la  tbrotniL 
inia  tlie  fuauol  Itiui  funuvil,  niiU  aiuici  luto  ttie  furnucu  by  luworlh^  ibe  undoT 
otin«:  Iho  udtaataKc  uf  uprcadtDn  lli«  durg'  prrfrcily  ci(iiiilly  in  ikv  furuoec  Ii 
tbna  ttiUncd,  and  ali  the  waalo  gmc.»  arc  drann  nlF  by  tluRn  xi'l  abnro  tliu  level  of 
tba  ebrtr|;«f.  The  mrkiuK  of  tlie  furoaot  is  act  in  Uie  leut  impaired  by  baiiag 
tbe  meiiib  eloaed. 

Th«  giunt  •aenpin^  (Von  ftimaew  wb*re  certnln  kinda  nf  hituminotia  wal  w 
vmplojMl.  eostain  n  ]iprr«ntiig#  nf  Mninnnin,  mhitii  may  be  oblr^ined  by  leadlaf 
tbe  Rates  throo^b  a  i>ciluti<'ii  uf  diiuta  cbluroiiyilriit  acid,  or  chlorldB  of  entclnni. 
uhlob  t*  cheaper :  n  eoluiiuu  uf  inl<nmmoniaa  ia  lbu«  obtained  after  aume  liuie, 
froQi  wliioh  (be  aalt  iiiity  be  Kninci)  by  rvnpnralion  and  BuMinintioii:  If  Uiu  ciLnca 
&r«  lo  bo  barned  nfter  the  wu>liinj[,  ibey  nlll,  mnrrovrr,  burn  lu'l  ctlrir  cnrboiiio 
acid,  whieb  h*(  entered  into  c^iabination  willi  the  lime  «f  the  clilondD  of  culcium, 
aad  will  that  be  greatly  improved  is  quality. —  W.  L,  F. 
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htg  m  done  ifter  ft  secontl  fusion.  For  gmkll  objecta,  m  tliose 
HM*  of  Bcrlia  iron,  the  cast-iron  is  »gain  melted  in  large  eartb«n 
enioiUes,  bested  in  &  forge-6re  or  blost-famaco,  while,  for  Inrecr 
objects,  rcvcrberatoricfl  or  cuftola-furnafres  are  empioyeti. 

The  cupola  consists  of  a  furnace  A  mmlo  of  fire-bricks  (fig.  490). 
froB  9  t*  12  feet  Ligb,  and  bound  together  bj  cuat-imn  plates. 
The  fire-brickit  do  not  extend  as  far  ah  tlte  outer  casing  of  irou, 
^nt  are  eepftrated  from  it  by  a  layer  of  eand  or  broken  forge-cin- 
dera.  The  furnace  in  built  on  msson-work,  coTercd  hy  a  large 
CMtwiQ  plate  ff,  wbicb  serves  ss  a  baee  for  the  furnnoc  and  ita 

iron  ciise  ;  wLile  the 
upper  end  of  the 
furnace  is  covered 
bj  a  pUte  of  east- 
iron  DC»  holding  titc 
outer  case  logotbcr, 
and  provided  with  an 
aperture  correspond- 
ing to  the  nioutb. 
Two  or  three  lavera 
of  fire-bricks  are'laid 
?/on  the  plale  rf.  niiil 
upon  them  clnv  is 
heaped,  so  as  lu  iorni 
Pig,  490.  ^  plane  A»7,  elighlly 

inclineJ  toward  the 
up-holey,  bo  that  it  acts  like  the  floor  of  n  hearth  fcr  the  fused 
metal. 

The  cupola-fiirnnce  is  fed  by  a  blowing-mactiine,  which  impels 
the  air  through  two  tvycrs,  placed  sometimes  above  each  other,  am 
in  the  furnace  represented  m  flg.  4^,  and  sometimes  near  each 
other  in  the  same  horixontal  plune. 

The  bottom  of  the  furnace  being  first  filled  vr'iih  charcoal  and 
lifbtvd  wood,  coke  is  tbroirn  on,  the  air-blast  admitted,  and  nhen 
the  combustion  is  in  active  operation,  the  fuel  and  c»sl-iron  are 
added  in  succcsaivo  layers.  The  fused  metal  collects  at  the  bot- 
tom of  the  furnace,  and  the  smelting  must  bo  elTcctcd  b.<(  rapidly 
ai  pouiblc,  in  order  that  the  cast-iron  may  not  bo  changed  in 
ipulity  in  passing  before  the  twyer.  When  tho  cupola  conlntns  a 
foKcient  quantity  of  fluid  iron,  it  is  tapped  ;  and  if  large  objecia 
are  to  be  cast,  the  moulds  are  arranged  nenr  the  furnace,  the 
melted  metal  being  run  into  them  by  rills  communicating  with  the 
tap-hole.  Sometimes,  three  or  four  cupola-furnaces  arc  rei)uired 
(0  famish  tho  amount  of  fluid  motal  necessary.  When  small  ob- 
JMt«  are  to  bo  caat,  tho  fused  iron  ia  received  in  vessels  like  chat 
represented  in  fig.  489,  sod  carried  to  the  moulds  in  the  difierent 
pvta  of  the  foonary. 
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As  reverberator^  furnaces  permit  (he  remeltiDe  of  a  larger  qoan 
tity  or  iron  than  cupola-furnaces,  and  ooDiame  leas  fuel,  they  uro 
preferred  for  casting  Urge  pieces;  but  in  the  former  tic  caat-irou 
is  subject  to  more  aUeratioa  than  in  the  cupola- furnaces,  becau^ 
it  meets  viiHi  &  more  oxidizing  air,  vhicb  deptives  it  of  a  portion 
of  its  oarbou.  It  is  esseiilial  that  the  air  entering  these  funuce* 
should  pass  through  a  grntc,  so  as  to  possess  as  fccblo  an  oxidising 
power  as  possible.  Lastly',  the  fusion  must  be  made  rapidly  ;  for 
which  reason  the  cast-iron  is  pUccd  on  the  floor  of  tho  hearth 
only  when  the  farnaco  is  in  full  blast. 

All  kinds  of  cast-iron  cannot  bo  moulded  after  a  second  fusion 
they  must  be  rich  in  carbon,  so  us  to  be  able  to  lose  a  small  quan 
tity  of  it,  without  beuaming  too  difficult  of  fusion. 

OF  THE  CONVERSION  OF  CAST-IRON  IHTO  BAB-IRON. 

$826.  In  order  to  convert  cast-iron  into  bnr-iron,  the  carbon 
and  rilicium  combined  with  it  mu;it  be  removed,  which  is  effected 
by  subjecting  it  to  an  oxulixing  action,  which  changes  ihc  carbon 
into  carbonic  acid  and  tho  eilicium  into  silicic  acid,  which  latter, 
combining  with  the  bases,  principally  with  the  oxide  of  iron,  forma 
fusible  silicates,  which  separate  in  the  form  of  sln^.     When  tbftji 
c38t-iron  continns  stimll  quuntitioa  of   sulphur  and  phosphoriiav  m 
which  is  sometimes  the  case,  these  must  nUa  bo  separated  daring 
^e  refinery,  as  they  injure  the  quality  of  bar-iron,  and  mny  even 
render  it  unfit  for  use.     This  separation  is  very  difiicuU,  and  oc- 
cadooa  considerable  waste;  the  presence  of  these  two  melalloids 
in  oa»t-iron  is  therefore  avoided  as  much  aa  possible.     If  sulphur 
exists  in  the  ores,  it  is  separated  almost  completely  by  previous 
roasting;  but  if  it  is  furnished  by  the  fuel,  as  happens  when  coke  _ 
made  from  pi^coal  la  used,  a  large  ciuantity  of  flux  is  required  ii^l 
Che  blast-furnace,  in  order  that  Che  slag  may  retain  tho  siilpbor  in  ^ 
tho  state  of  sulphide  of  calcium.     Cust-iron  containing  uny  con- 
siderable quautity  of  sulphur  or  phosphorus  always  yields  iron  of^B 
an  inferior  quality.  ^| 

When  a  blost-furnaco  only  produces  iron  intended  for  refining, 
the  smelting  is  generally  go  conducted  that  a  whito  cast-iron,  con- 
taining but  little  carbon,  is  obtained,  which  is  effected  by  introx 
ducing  a  great  deal  of  ore,  and  forcing  the  air  so  as  to  cause  ft 
rapid  descent  of  the  materials ;  but  this  can  only  he  done  witb 
very  puro  ores  and  fuel,  as  otherwise  an  impure  ca£t-iron,  yielding 
iron  of  inferior  quality,  would  bo  obtained. 

jf  cast-iron  be  kept,  at  a  high  temperature,  in  contact  with  the 
air,  its  surface  bceomea  covered  willi  o:cldc  of  iron,  which  reacts  on 
the  inner  layer  of  the  iron :  the  carbon  of  the  cast-iron  reduces  the 
oxide  of  iron,  and  iii  disengaged  in  the  state  of  carbonic  oxide  gas, 
while  the  ailicium  cITucts  a  Himilar  reduction  and  produces  silicic 
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fig.  408. 


Tho  furnace,  while  containing  tlie  ctiarcoal  kin* 
died  in  a  preceding  operation,  is  filled  with  fresh 
cli&rcoal  and  tlte  sir  admitted.  Tlic  cast-iron  to  be 
nfined  is  either  in  the  form  of  pigs  or  plates,  nml, 
when  melted,  drops  to  tlie  hottom  of  llie  hearth, 
passing  the  air  of  the  twyer.  The  amelliu;,'  hats  from  3  to  3J  hours. 
The  workmen  take  advantage  of  the  high  temperature  devt'!o|ied  bv 
the  combaetion  of  the  charcoal  which  ia  placed  obove  the  cast-iron, 
to  forge  bars  of  r«Gncd  iron  arising  from  the  preceding  operation, 
as  we  shall  presently  explain.  The  snrfacc  of  the  drops  of  cast- 
iron,  passing  through  the  air  of  the  twyer,  hecomea  oxidized,  and 
a  very  basic  silicate  of  iron  is  formed,  which  reacts  on  the  carbon 
of  the  cast-iron,  su  that  the  latter,  when  it  huit  urrivcd  ut  the  hot- 
tona  of  the  hearth,  litis  lost  a  great  portion  of  its  carbon,  and 
beoomce  much  less  fusible.  From  time  to  time,  the  scoriuo  are 
withdrawn  by  opening  the  tnp-hole,  a  sufficient  (juantitj  to  con- 
tinue the  dccarhouising  action  always  being  left.  Frequently  th«  ' 
workman  allows  the  air  of  the  twyer  to  blow  directly  on  the  cast- 
iron,  to  increase  ils  oxidation. 
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strikes  against  a  piece  of  wood  SR,  called  &  ralat,  or  check, 
wbioli  prevents,  it  from  rising  too  higb;  while  tlic  chcok  itlso,  bjr 
virtue  of  its  clasticitj,  imparts  to  it  n  rapid  descending  motion, 
which  prevents  it  from  meeting  the  foUovring  cam  bcforu  striking 
on  tlie  anvil.  Thejlifffit  of  tlie  hammer,  or  its  greulesi  separation 
from  the  anvil,  varies  from  1^  to  2  feet.  The  hammer  first  de- 
scribed, is  called  z  forge-hammer  {marteau  it  souluveiDent). 

S  829.  In  order  to  carry  the  Rlowing  bloom  to  the  nnvil,  the 
workmen  use  strong  iron  tongs,  during  which  operation  the  ham- 
mer is  held  in  the  air  bj  means  of  a  chock.  Ag  soon  na  it  is  com- 
pleted, the  cliock  is  reiiiovcd  and  the  wtttcr-whecl  act  in  motion,  at 
first  slowly,  the  rapidity  beine  gradunlly  iiicrDaaed,  wbou  the  very 
fluid  ecoriic  scattered  tlirougn  the  spongy  metal  are  expressed  by 
the  compression  and  run  out,  while  the  metallic  portictcii  are  welded 
to  each  other.  The  workmen  turn  the  hloum  on  its  various  faces, 
in  order  to  strike  it  in  all  directions ;  when  it  takes  the  form  of  an 
elongated  prism,  wiih  a  srjaaro  hasc,  M'hich  is  cut  into  -tor  5  pieces. 
called  hpitit,  with  an  iron  knife,  the  buck  of  which  is  exposed  to 
the  hammer.  When  the  furnace  has  been  arranged  for  &  new 
smelting,  the  lojtins  are  introduced  into  it,  covered  with  charcoal, 
And,  when  they  have  attained  a  sufficient  temperature,  are  forged 
into  hars. 

§  830.  The  forge-hammer  is  eometimes  used  for  this  pOTpoBC, 
but  most  cenerally  a  smaller  hammer,  culled  a  tiU-hajiiinrr,  is  em- 
ployed. !uiis  hammer,  represented  in  fig.  40j^,  Trhich,  gives  agrcater 
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number  of  blows,  and  does  not  rise  so  high,  ts  moved  hy  its  he«I. 
by  meuQB  of  catns  on  the  shaf^  fi  of  the  water-wheol.  The  axis  of 
rotation  O  is  placed  nt  ^  of  the  length  of  the  helve,  starting  from 
the  heel  C ;  and  the  earns  bear  from  above  downward  on  the  hool 
of  the  helve,  and,  in  this  way,  elevate  it.  Thoy  are  much  Diore 
numerous  around  the  circumference  of  the  bhaft  than  those  oC  the 
forge-hammer.  In  order  that  the  hamimcr  may  fall  i^uicklj',  after 
the  cam  ha^t  passed,  its  heel  is  made  to  strike  ugaiimt  a  piece  of 
iron,  fixed  in  a  block  of  wood  D,  which  actively  repels  it,  and  allows 
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'the  hammer  to  fall  back  on  the  annl  before  being  nosed  by  the 
I  succeeding  cam. 

Refinery  in  the  gmall  furnace  yiolds  72  to  7fi  pnrts  of  bar-iron 
Ifrom  100  of  cast ;  the  iron  alwavs  being  of  very  good  qaiility  when 
'the  c»ft-iron  is  not  very  impure,  because  the  metal  ban  biHia  forfjed 
and  beaten  in  every  way.  Good  quality  iron  may  also  bo  obtained 
j  from  Tcry  tnoHciatc  quality  cast-iron ;  but  the  loss  is,  in  that  case, 
[innd)  f^reatcr. 

}  B31.   Hot  air  ts  aleo  used  for  the  refmcry  of  caat-iron  in  the 
nail  furnace  ;  the  air,  before  reaching  the  twyer,  being  conducted 
iroiigh  a  sericB  of  pipes  arranged  in  a  serpentine  form  above  the 
irnacc,  and  in  the  cliiiiiuey  aunnounting  it.   Ii  has  been  ascertained 
it  is  only  nccctflarj  to  use  hot  air  during  the  firat  stage  of  the 
less,  that  ia,  during  tlie  smelting  of  the  ca«t-iron,  because  it  then 
ru  effected  more  rapidly;  and  to  throw  in  cold  air  during  the 
id  atage,  when  the  oxidation  should  be  more  BCtivo.     But  the 
10  of  hot  air  dorins  the  operation  of  refining  has  been  abandoned 
[in  ihe  majority  of  foundries  which  at  6r8t  adopted  it,  because  the 
f working  ia  more  irregular  than  with  cold  aJr. 

It  has  been  endeavoured  to  substitute  coke  for  charcoal  in  refi- 
lerr  by  the  small  furnaces,  but  the  quality  of  the  iron  ivta  always 
Findiflerent. 

Refinery  l\f  pU-coaf,  or  the  EngUah  method. 

{  $S2.  Jn  all  countries  where  wood  is  scarce,  and  mineral  fuel, 
»n  the  contrary,  plentiful  and  cheap,  a  process  of  refinery  very 
MiCerent  from  that  just  described  is  adopted,  called  refinery  hy  tht 
^ilnfflith  mrihftd^  be<^5e  it  originated  in  England.    This  operation 
divisiU*  into  two  consecutire  parts,  which  are  executed  in  differ- 
it  funutevs. 

In  tht  first  operation,  the  cast>iron  is  fused  in  a  kind  of  refining 
credble,  in  contact  with  charcoal  and  exposed  to  the  air  of  the 
itwyer,  when  the  melted  metal  rans  into  a  large  rill,  where  it  as- 
the  shape  of  a  plate.     Dy  this  fusion  luder  the  twyer,  the 
m  lias  lo«t  a  portion  of  its  carbon  and  nearly  all  its  siltcium, 
foriDt  a  white,  short,  and  brittle  metal,  more  or  less  blistered, 
called  fint-ttiflaj.    The  furnace  in  which  this  fusion  is  executed 
.  etlled  a  running-out  fir <. 

The  refinery  of  fine-metal  is  completed  by  exposing  it  In  a  re- 
>ry  fumaee,  at  the  name  moment,  to  a  very  high  tempera- 
aad  to  a  current  of  oxidisiug  air,  when  the  carbon  of  the  caat- 
banta  to  carbonic  acid,  while,  at  the  same  time,  the  iron  oxi- 
I  OB  it!  lar&ce,  and  yields  magnetic  iron,  which,  partly  com- 
~;  vitli  tli«  ailieie  aeid  produced  oy  the  silicium  yet  conuined  in 
i»«Mtal,  forms  a  kind  of  slag,  which  covers  tha  amall  frag- 
I  «f  metal  arising  from  the  Suggregation  effected  by  heat. 
The  ojtido  of  iron  in  the  scoriee,  reacting  on  the  carbon  which  still 
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remuDs  id  combination,  dJsong«ge8  oorbonio  oxide,  whick  bnrnl 
witli  a  tunatl  bluisli  flame,  jvLilo  eometimes  ecorine  ricli  ia  oxide 
iron  are  added  to  hasten  the  combostioa.     When  the  workmi 
thinks  the  refinery  is  cooipletod,  ho  collects  the  fragmenta  of  metal* 
lie  iron  scattered  over  the  floor  of  tho  rcvcrbcratory  faniaco  into*" 
the  shape  of  halla,  which  he  rciaovea  iii  succession,  carrving  ihem 
to  the  shingliog  hammer  to  bo  worked  into  bars.     This  second 
operation  finishes  the  refiner)',  and  is  called  |/U(2(i^i»^ ;  the  iron  igj~ 
callod  puddled  iron.  ■ 

BcEncrjr  by  tlie  English  method  corresponds  to  tho  first  fusion 
of  iht»  ciLSl-iron  under  tho  air  of  tho  twyer  in  refinery  by  tho  small 
furoiicc.  The  fitic-metal  preeeiits  nearly  the  eiime  composition  as 
the  fused  motal  which  collects  at  tho  bottom  of  the  small  furnace 
after  tho  first  siucltiiig. 

jS  833.  The  ruRning-ont  fire  is  composed  of  a  rectangular 
eibic  A  (figs.  406  and  4dl),  made  of  cast-iron  boxes  U,  throaghj 
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wtich  ft  canrnt  tf  cold  water  circulates  contioually  to  prerent 

■ihem  from  mchinp.     The  bottom  of  the  crucible  is  reacle  of  eand; 

'  tlie  blast  is  furnished  by  6  twjera,  dLfpoecd  on  tbc  two  aides. 

ae  twyers  are  of  cast-iron,  double,  and  resembling  tho8«  (fig. 

86)  us«d  in  blast-furnaces.     Cold  water,  coming  from  the  boxes  v, 

id  regulated  by  stopcocljs  r,  circulates  constantly  in  the  iwjera 

•  prerent  thfir  fusing  at  the  high  tcmporatorc  of  the  fnrnace.    A 

ruDdrical  blowing-machine,  worked  by  a  steam-engine,  furnishes 

be  air  necessary,  which,  impelled  by  the  machine,  first  enters  a 

jlindncal  reservoir  T.  whence  it  is  distributed  through  the  pipes 

(,  ftimisbed  with  noxxles  fitting  the  twyerg.     The  reservoir  T  has 

K register  t,  by  means  «f  which  the  quantity  of  air  projected  into 
e  furnace  can  be  regnlatcd.  The  twyers  are  bo  inclined  that 
eir  prolonged  oxen  would  cut  the  opposite  vertical  faces  of  the 
Dcihle,  at  a  little  distance  from  their  lower  edge.  The  furnace 
mnuooDted  by  a  chiintiey  C  to  carry  off  the  gnseoua  products  of 
e  combustion,  supported  by  a  ca»c-iron  frnmc  B  hnring  several 
apertures,  through  which  the  men  can  work  in  the  crucible.  Tbc 
Croat  part  of  the  crucible  is  fnrnished  with  a  tap-hole  on',  for  the 
«tMp«  of  the  metted  metal,  which  flows,  with  tbc  gcoriw,  into  >ia 
oblong  iron  trough  D,  for  sudden  congoUtion. 

1834.  Theoperationof  the  running-o«t  fire  is  continuous.  After 
the  metal  has  mn  out,  the  workmen  clean  the  crucible,  remove  the 
Morise,  iatrodncc  the  buniiog  charcoal,  cover  it  with  the  proper 
qiiBJitity  of  coke,  and  heap  upon  it  iron  pigs,  which  aro  about  8  feet 
in  length,  and  weigh  from  !>0  to  120  pounds.  The  pigs  arc  sr- 
ranged symmetrically  over  the  surface  of  the  furnace:  the  charge 
generally  eonaists  of  from  20  to  24  ewt.  Sometimes  the  cast-iron 
ia  gradoally  introduced.  When  the  furnace  is  clmrged,  the  blast 
19  let  on,  feebly  at  first,  when  the  iron  melts  and  drops  through 
the  sir  of  the  twyers,  whore  the  portion  of  it  which  is  oxidised 
forms  a  slag  with  the  ashes  of  the  fuel  and  the  silicic  acid  ariaing 
from  the  oxidation  of  the  silicium  of  Ibo  cast-iron  ;  the  slag^  which 
ii  very  rich  in  oxide  of  iron,  agsiu  cjcerting  a  decarbonizing  inflit- 
enee  on  the  cast-iron  which  it  covers.  The  workman  judges  of  the 
progress  of  the  refining  by  the  appearance  and  consistouce  of  the 
fluid  tnetal;  when  the  latter  has  entirely  fallen  into  the  crucible, 
the  air  of  the  twyers  is  allowed  to  blow  for  some  time  over  the 
surface  of  the  liqnid  bath,  and  then  the  man  proceeds  to  open  the 
tap-hole,  when  the  metal  flows  into  the  large  trough  D,  whi-ru  it 
spreads  in  a  sheet-like  form,  and  the  scorim  How  over  it.  When  tho 
crucible  is  empty,  water  is  thrown  on  the  finc-mrtal  to  congeal  it 
I  rapidly  and  render  it  very  brittle.  If  the  meial  still  rcinins  some 
nqAur,  a  very  decided  smell  of  sulphuretted  hydrogt-ii  ia  evolved. 
The  scoriie  are  removed  and  the  Gne-mela.1  brukcu  with  a  hammer. 
The  colour  of  the  fracture  of  this  metal  is  of  a  gray  tab- white,  tho 
apper  layers  being  filled  with  blisters,  while  the  lower  ones  are 
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compact.     Daring  this  operation,  the  cast-iron  has  lost  all  ite  sili- 
cium,  but  only  a  portion  of  its  carbon. 

All  idea  of  the  clicoiicul  change  which  cast-iron  undergoes  bj4 
refining,  may  bo  formed  from  the  following  analyses: — A  cast-ironi 
composed  as  follows, 

Cnrboa 3.0 

Silicium 4.5 

PhosphoruB 0.2 

Iron 92.8 

100.0 
yielded  a  £no  metal  composed  of 

Carbon 1.7 

Silicium 0.5 

Iron , 97.8 

100.0 

Curt-iroQ  loses,  in  the  runnine-out  fire,  about  10  per  cent,  of  itsj 
veight,  the  conHumption  of  coko  being  about  10  cubic  feet  for] 
eyery  ton  of  finc-metal  obtained. 

§  y35.  The  puddling-furnncp  is  a  rcvcrberatory  furnace  of  wliichJ 
fig.  4W  rcpreaenls  a  horizontu.],  and  fig.  498  a  vertical  section,' 
whilo  fiji-  5fl'^  gives  a  perspective  view.  The  floor  of  tbo  furiiacfl  ' 
is  perfectly  horisontal ;  but  posteriorly,  at  B,  there  is  a  depreseioaJ 


Fig.  408. 

leading  to  an  opening  o,  through  which  the  ecorito  aro  withdrawn, 
and  which  remains  abut  during  tlie  operation.  The  floor  is  separated 
from  the  crate  !•'  by  a  fire-britlge  of  abont  9  inchea  in  height,  while 
the  draught  ia  effected  by  a  brick  stock  C,  from  80  to  46  feet  higb 
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aad  farnuiietl  witli  a  rrgietcr  R,  irhicli  the  workmaa  cnn  rogulate 
Irom  thv  fouudrj  hy  means  of  a  cbttiu.  The  walls  of  the  reverbe- 
rator; furiucc  ftrebaUc 
of  rofrtoiory  bricki, 
and  covered  externally 
by  iron  platos,  held  in 
^L'&^BH    I  ^^rijijll       p'^<>  by  iron  tie-roda. 

^1      ^^^■..■■^iHi^^^^^^^^^T  ^      ^bc  furnace  has  seve- 
^B  ^  J     ral  doors ;  those  F  and 

^K.  ^^^^  ^^—^^i^^^^SM     G  commuDicnling  with 

|H|  tig.  -ivu.  i),o  grates,  and  serviog 

■^W  ebarging  the  fuel,  are  closed  by  registers.  Tho  doora  D  and 
&  communicate  with  the  floor  of  the  furnace;  D  is  chiefly  ased 
String  the  refinery,  and  can  be  closed  by  a  register ;   E  is  closed 
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darhiB  tli*  operation,  and  is  used  only  for  cleaning  the  Boor  and 
ehareiD];  the  metal  to  be  refined.  The  floor  is  often  made  of  a 
linpTe  iron  plate,  under  which  the  air  circulates  freoly,  to  prevent 
it  from  Itecomiiijr  hot  enough  to  fuse.  At  other  time*  it  is  covered 
tja  layer  of  sand:  while,  IiLStly,  in  some  foundries,  the  floor  is 
aide  of  fire-bricks  covered  by  a  bed  of  scorioc  heated  nearly  to  a 
hston. 

The  grate  of  sn  ordinary  puddling-fumaeo  i«  square ;  and  about 
8  to  S^  feet  deep.  Tho  floor  ia  0  to  6  feet  in  length,  8h  feet  in 
ito  gtvatest  width  toward  the  grato,  and  1(  feot  near  the  chimney. 

|83ti.  The  following  is  u  description  of  the  operations  in  pnd- 
dliiig.  The  furnace  being  heiUcd  in  a.  white  red-heat,  from  4  to  5 
tm,  of  metal  aro  introduceil  and  spread  over  the  floor,  wlule  about 
1  cwi.  of  rich  scoriw  or  scraps  of  iron  are  added  ;  after  which  tho 
doorf  u«  ctoMd  hermetically,  and  the  register  in  tho  chimney 
opeoed.    Ai  soon  an  the  metal  fuses,  the  register  11  in  the  chimney 
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is  grafliially  lowered  to  diminish  the  draught.  The  half-mcllwl 
metal  is  coTArfd  with  liquid  scorirc,  and  the  workmnn  stirs  it  «on- 
tinunlly  with  a  har,  which  he  passes  through  the  door  I> — opcniDg 
thiH  donr  to  an  small  nn  extent  ns  possible,  bo  iui  not  to  allow  tho 
introduction  oF  too  much  froah  air  in  the  furnace,  lest  the  iron 
•ihoidd  become  too  compIeteWoxidiKed.  Ho  then  opens  tho  regis- 
ter R,  when  the  carhun  of  tlic  caet-iroQ  reacting  on  the  osidc  of 
iron  of  the  georia',  chusos  a  great  quiintitj  of  carbonic  oxide  gii«  to 
be  evolved,  VF-hicli,  cseoping  throucj!  the  econse,  causca  thorn  to  hoil 
np  nnd  swells  the  nholo  mass.  The  gaa  bums  with  a  anaW  blue 
flamo.  The  'Workman  contiouca  to  stir  the  maes  with  hie  bar,  until 
he  recognisps,  b^-  the  appearance  and  pulverulent  congUlence  of  the 
roetnl,  that  tho  refining  ia  Eufficicntly  advanced;  after  which  he 
allows  a  portion  of  the  scoriie  to  run  off,  and  collects  thie  portions 
of  refined  iron  together  with  the  bar,  welding  them  to  each  other 
hy  pressure.  When  he  has  thus  formed  a  metallic  hall,  he  rolls 
it  over  tho  floor  of  the  furnace  covered  with  red-hot  fracmeiits 
of  iron,  which  adhere  to  the  ball,  which,  when  it  has  attained  a 
Bufiicient  size,  he  pushes  toward  the  bridge,  and  immediately 
begins  to  make  a  Heeond.  In  ihis  way  he  makes  4  or  6  ballOi 
which  are  carried  succeBsiveEy  to  the  hammer,  beginning  with  tho 
one  first  made. 

Fourteen  ur  fix  teen  charges  are  generally  made  la  24  hours; 
the  loss  of  the  finc*meU]  being  about  7  or  S  per  cent.,  while  about 
100  parts  of  pit-conl  are  consumed  for  100  parts  of  puddled  iron. 

The  previous  reGiiing  of  the  cuat-iron  is  indispensable  in  very 
eiliceouB  metal  produced  in  coke  blast-fnmacCB  fed  with  impure 
ores  or  a  fuel  containing  a  Urge  iiuantity  of  pyrites.  When  tho 
metal  to  be  refined  is  very  pure,  na  lliat  produced  in  charcoal 
furnaces,  or  tlm  very  pure  gray  cast-iron  yielded  by  certain  coke 
furn.ices,  the  previous  run-uut  fire  is  often  omitted,  and  the  iron  U^^ 
puddled  immediately.  In  this  case,  tho  operation  occupit-a  rather^^ 
a  longer  time,  and  occasions  a  greater  loss. 

j(SS7.  Tho  hammer  with  which  the  blooms  from  the  puddling- 
furnace  arc  wrought  is  represented  in  6g.  501,  and  consists  entirely 
of  cast-iron,  weighing  from  S  to  6  tons.     Tho  axis  o  of  the  helve 


Fig.  H>i . 


HBTALLUBOr   OF   IRON. 


n 


ttims  in  eotlftrs  tot  into  tho  cast-iron  sapport  S:  tho  pane  or  Uvnd 
p  is  of  etcc)/  iron,  and  compoflcd  of  thr«c  partd  foAtcned  hy  nedgca 
into  the  east-iron  holvo.  The  wowl-cut  rcpreaenta  the  usual  sbftp« 
of  tho  Dkne  of  tho  hmmnacr  and  the  anvil  g.  The  hammer  is  raised 
bj  its  bead,  by  meang  of  cams  e,  e  mounted  on  a  ring  of  oast-iron, 
called  tho  eatn-ring  bag,  whjcli  iti  itself  fastciied  to  a  horiznnto] 
shaft  R,  moved  by  a  watcr-wheel  or  steam-engine.  The  flight  of 
this  liammer  Tarics  from  1}  to  2^  feet,  the  tiQinber  of  blows  being 
about  75  to  100  per  minute. 

Si*38.  Tho  roughing-rolh  (fie.  502) 
are  composed  of  two  borizoiitarcrlin- 
ders,  placed  apon  each  other,  hikving 
their  surfaces  grooved  in  Tarious 
wars,  aecording  to  tho  shapo  to  bo 
given  to  the  bars.  The  axes  of  the 
two  cjlinders  must  bo  exactly  in  the 
■amo  vertical  plane,  and  they  are 
driven  by  cq^ool  forces,  but  in  oppo- 
site direolioQB,  tlio  lower  roller  re- 
oeiring  its  motion  directly  from  the 
taachinc  on  the  &.\ia  of  ijliicb  it  id 

Szcd,  while  the  upper  cylinder  iji  HI  1 1  L^"^-^  ■'- '  V 
aored  by  the  first,  by  mojins  of  the 
gearing  r,  c',  and,  conseiiaendy,  rc- 
votres  m  ao  opposite  direction.  The  y 
cyIiiiders,beiD2  set  in  cast-iron  frame:!,  S\ 
4,  A,  rest  on  brass  chains,  and  their 
separation  is  regulated  by  a  screw  a. 
The  cylinders  A  and  B  are  eonneetod 
with  eacJi  other  and  with  the  rotat- 
ing axis  of  the  machine,  by  caet-irua 
colUn  ni,  which  pass  orcr  both  axes 
and  are  fastuned  with  keys  ;  tbe 
cytindera  are  tfaos  readily  taken 
■|«rt  Bad  put  together  again.  The 
cjiiadcn  A,  A'  are  furniahed  with 
square  grooves,  which  decrease  regu-  tA 
w\j  from  the  Qret  to  the  last,  au'l 
are  intended  for  the  manufacture  uf 
sqBare  tar-iron.  Tho  cylinders  it,  It', 
CB  the  contrary,  arc  arranged  for  the 
pradactioa  of  Dat  bar-iron. 

In  order  Ki  prevent  the  cylinders 
from  becoming  too  much  heated 
during  the  process,  small  streams  of 
«kter,  Imrauhed  by  the  tubes  C,  t,  f, 
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communicating  mtli  the  pipe  I  I',  are  aliewed  to  fM  on 
tbcm. 

In  order  to  introduce  the  hented  bare,  the  workmen  hold  them 
with  pincers,  and  rest  them  on  a  plate  of  sheet  or  ciSt  iron,  called 
an  [j/iro7t,  piticed  on  u.  level  nith  the  lino  of  separation  of  the  two 
cylinders ;  «'hiIo  n  eceon'l  plate,  the  edge  of  which  is  notched  eo 
u  to  allow  the  grooves  of  the  lower  cylinder  to  puss,  la  urraoged 
on  the  other  aide  of  the  cylinders  at  the  same  height,  and  is  in- 
tended to  receive  the  l>ar  on  its  exit,  and  prevent  it  from  wrap- 
ping around  the  lower  cylinder.  When  the  bar  has  passed  oat,  a 
vorKmnD  seizes  it  with  his  tongs,  paHttcs  it  above  the  upper  cylin- 
der,  where  the  roller  recoivea  and  proBcnt  it  to  a  seeond  groove, 
of  which  the  ecction  ia  gmailnr.  The  oiicration  ia  fuoilitaled  by 
resting  the  bar  on  hooks  £UKpeiiii{<d  to  cnuins,  the  ends  of  which 
slide  along  horizontal  bars.  The  puddliug-roUa  generally  make 
30  or  40  revolutions  per  minute. 

§  839.  After  this  Bhort  description  of  tho  macbincry  for  rolling 
iron,  lei  us  return  to  the  process  of  puddling.  The  puddlod  bloom, 
withdrfiwn  from  the  fire,  ia  dragged  along  tho  floor  of  the  foundry 
to  the  nnril,  on  which  it  in  placed  by  means  of  strong  tongs,  called 
a  porti-r.  The  hammer  is  raised  us  high  as  possible  by  a  wedge, 
and,  ill  order  to  set  it  in  motion,  the  cam-ring  bug  is  made  to  re- 
volve, while  a  bar  of  iron  is  applied  to  one  of  tho  cam^,  exactly  as 
it  pa&^cs  ncnr  tho  fano  of  the  hammer.  Tho  hammer  is  then 
raised,  tho  wedge  removed,  and  the  former  goes  on  working.  The 
Booriro  Blattered  through  tho  spongy  metal  flow  out  copiously, 
while  the  metallic  pnrtielcs  arc  weld(>(l  to  caoh  other^  and  the  bloom 
being  h:uiimeTcd  in  various  directions,  nssunies  the  shape  of  an 
elongated  prism  nich  a  sc^ii.ire  base.  The  hammering  does  not 
last  more  than  a  minute,  so  ihat  the  bloom  is  still  very  hot,  and 
may  be  sent  immediately  to  the  rollers.  When  the  iron  has  sno- 
oeEsively  ptissvd  through  the  several  grooves  of  the  xoughiog-rolls 
and  the  roller*,  it  has  assumed  the  shape  of  flat  bars  of  about  half 
an  inoh  in  thii'kucss  and  '2  or  '2h  inches  in  breadth. 

§  840.  Recently,  a  hinge-press  (fig.  50fi)  has  been  jmbstitmed 
for  the  hammer  above  dcseribod  for  compressing  the  blooms  from 
tho  puddltng-funiace,  consisting  of  two  cost-iroo  jaws  AB  and  1) 
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the  pieo«9  forgccl.     The  atenm-hammer  is  of  immense  imporUi 
ill  iroii-workB,  partieulivrlj  for  the  forging  of  large  pieceSt  such  •• 
the  shafts  of  the  wheels  of  large  Htenm-vessels. 

S  84*J.  PiitidU-J  iron  is  nlwajs  of  inferior  quality,  being  badly  < 
voided  and  filled  with  cracks  or  Jliiu's;  but  it  generally  pnsiteBfca 
great  hardness,  itnil  is  well  aiiaptt-d  to  certain  uses  m  which  & 

I  better  quality  of  iron  is  ULnecessary.  The  rails  of  rail- 
roads nrc  alw»ya  made  of  puddl«d  iron ;  the  bars  inlendiMl 
for  their  mnQuracture  being  passed  through  rolkrs,  the 
grooves  of  which  aro  so  arranged  as  to  give  them  the  shape 
generally  adopted  for  rails,  a  scctioa  oi  which  is  se«n  in 
*■      "  fig.  505. 

§  B43.  The  quality  of  puddled  iron  is  greatly  improved  by  re- 
henting  it  to  a  wbito  wclding-hcat  and  agun  hammering  and 
rolling  it.  Tu  do  this,  the  bars  of  puddled  iron  arc  out  into 
lengths  of  about  8  inches,  by  means  of  shears  (fig.  506)  composed 
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of  two  i&ns  ti^nuinutiii;;  in  steel  cuttlng-odgH  Aj  B.  Tho  lower 
jaw  B  IB  fixed,  while  thu  upper  jaw  A  turns  aroood  a  horizoutal 
shaft  fastened  to  the  lower  jaw,  and  ends  in  a  long  iron  heel  AC, 
moved  by  an  ccctiLtric  wheel  DE,  of  which  the  axis  of  rolalion  R 
is  turned  by  water  or  steam  power. 

The  divided  ends  of  the  puddled  iron  ore  ploccd  upon  caefa  other, 
so  as  to  fonn  buniilc?,  each  of  which  contains  the  quantity  of  iron 
necessary  to  luakc  a  bur;  uiid  thu  buuilles  ure  introduced  into  a 
roverberatory,  called  n  rahealinf/  furnaci;  and  reprdscnted  in  figs. 
507  and  508.  This  furnace  differs  from  the  puddling-furnacc,  in 
having  a  larger  capacity  .4.  nml  a  greater  surface  of  gruto  F:  it 
haa  only  two  duors,  one  for  charging  the  fuel,  while  the  oUicr  «,  at 
the  back  part  of  iho  furnace,  immediately  below  the  chimnoy, 
serves  for  the  introduction  of  the  bundles  of  iron  to  be  reheatecl, 
and  for  their  removal  when  completed.  Tliii  door  is  closed  by  a 
register  r.  It  is  importiint  to  admit  only  air  entirely  deprived  of 
its  oxygen  into  the  furnace,  in  order  to  prevent  tlio  iron  from 
oxidizing  oJid  occasioDing  considerable  loss  ;  for  which  reason  tho 
doors  of  the  furuaco  must  be  kept  as  closely  shut  as  possible,  so 
that  no  air  shall  enter  but  th»t  which  has  passed  over  the  grate. 
As  the  workiug'duur  is  iuiuicdiatciy  below  tiiu  cliiuiucy,  tho  oxter- 
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it  betwoon  the  second  and  third  cjlindcrs,  the  rollers  mB.kiDg  from 
150  to  200  rcvolutioDB  p«r  minute 

§  S45.  In  latter  years  it  has  hcen  attempted  to  use  the  ^ases 
McaptDg  &om  the  moath  of  the  blast- furiia.cc  as  fuel  for  pudoling 
CMt-iron.  Tbe  gases  were  drawn  off  by  pipes  placed  a  few  metres 
below  the  tunnel-head,  and  conveyed  into  the  pnddling-furnace, 
tbe  chimney  of  whrc-li  was  auflicient,  when  the  furnace  was  in  blast, 
t<e  produce  the  proper  degree  of  draught.  The  combiistibte  gases, 
the  current  of  which  nns  regulated  nt  will,  were  burned  wiih  a 
proper  nuautity  of  »tuio*pberic  air,  and  yielded  a  long  flirae  which 
exteudett  through  the  furnace.  The  temperature  Uma  obtained 
vag  Bufficient  for  puddling,  but  the  process  was  difficult,  the  loss 
being  often  greater  than  in  puddling  vith  pit-coal,  ond  the  quality 
of  tbe  iron  being  irregular ;  for  which  reasons,  puddling  with  com- 
bostible  gases  token  from  the  blastrfurnaco  has  been  nearly  abaa> 
doned,  despite  its  great  ecououiy  of  fuel.  These  gases  have  been 
more  profitably  used  in  beating  tbo  boilers  of  the  ttcam-cngiues 
which  furnish  the  motive-power;  hut  it  is  then  necessary  to  have 
at  least  one  auxiliary  boiler,  which  can  bo  heated  directly  by  coal, 
in  case  the  working  of  the  furnace  ehould  be  deranged :  this  is  an 
indispensable  precaution  when  the  oogino  is  intended  to  drive  the 
blowing-machinea,  the  blast  of  which  must  he  increasetl,  if,  by  any 
accident  in  the  blast-furnace,  a  more  eoneiderable  volume  of  air  is  ■ 
rcij^uireii.* 

Mant^aeture  of  Sheet-iron  and  TiJt-pl<^e. 

§  &4i3.  Iron  rolUd  out  into  thin  1amin:e  is  called  Bheet-iron,  For 
its  manufacture,  iron  heated  to  redness  i&  compressed  several  times 
Buccessivoly,  cither  by  hammers  or  rollers — one  stnglo  operation 
not  being  sufficient  to  reduce  the  sheet  to  the  degree  of  thinness 
required. 

The  hammer  used  for  the  manufacture  of  sheet-iron  resembles 
the  forgc-hiiiumcr  used  for  forging  bar-iron,  and  neighs  lUjout 
4  cwl.,  the  dimensions  of  its  piano  being  about  13  iuches  by  30. 
The  face  of  the  anvil  is  slightly  convex,  and  varies  in  breadth  from 
2  to  4  inches. 

Two  acts  of  cylinders  are  used  for  rolling  Rheet-iron — a  roughing 
and  afiiitHhiiigsct,  difleritig  merely  in  theftict  of  the  cylinders  of  the 
latter  being  turned  with  more  accuracy.  Fig.  TiOD  rcpresoDts  &  set 
of  rolling  cyliriderM,  Tlie  cvHnder  A  is  moved  by  mschiuery,  aod, 
by  means  of  the  eog-wheela  F,  turns  the  cylinder  A'  in  an  oppOMte 
direction  j  the  scpuration  of  the  cylinderji  being  regulated  t>y  the 
screws  <i,  a*  which  bind  together  the  pede&tals  of  the  upper  cylinder. 

Wo  shall  not  stop  to  describe  the  process  of  making  shoet-iron 
by  hammering,  as  it  is  fast  disappearing  before  the  improvements 
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rolling.    HammenDg  prodoces  strong  sbeet-iroD  of  a  good 
quiity,  bat  nral/of  unifono  thickness. 
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^The  iron  used  ia  tbc  nutuufnctarc  of  sbc«t-iroD  sliould  tie  soft 

malleable ;  iron  made  vjth  cbarcosl  being  requisite  for  thin 

t\M  used  in   the  tnanufacture  of  tin-plate,  una  such  thicker 

ttca  which  ftr«  exposed  to  great  rosistniico,  as  boiler-iron.     The 

ihick  platejt  aro  made  of  puddled  iron,  bat  tlic^  oru  atiraya  of 

"  quality,  unless  the  iron  has  been  subjected  to  several 

iron,  when  nroijf*ht  into  flat  bars,  of  a  siie  proportioned 
of  tbo  sheets  to  be  made,  is  cat  vith  shears  into  pieces, 
called  bidotia,  equal  in  length  to  the  intended  width  of  the  sheet, 
irhU«  the  bsTB,  still  hot,  are  withdrawn  from  the  ezttension-cxlin- 
dera.  After  a  ouiclc  reheating  in  a  roverberatory  fnrnace,  the 
Udons  are  passed  between  the  rollers,  the  Icngtb  of  the  bar  being 
parallel  to  the  axi»  of  the  rollerii,  and  are  thuii  passed  3  or  4  timea 
between  the  cylinders,  which  are  approximated  to  each  other  every 
tine  by  means  of  the  screws  a,  a'  (fig.  (iQ'^) ;  after  which  the  sbMtt 
an  heiated  in  a  second  furnace,  from  which  any  air  that  might  fl» 
idixe  their  mrface  a  carefully  excluded.  The  reheated  sbectim 
passed  tbroogh  the  fini.ihing-ro11eri),  which  give  them  the 
and  dimensions  required,  and  the  plates  of  sheet-iron  obtUMl; 
then  free<l  from  the  adhering  oxiile,  by  being  bammeradHll 
wooden  mallet.  When  the  sbeet-iron  in  requireil  for  tbt : 
tne  of  tin-plate,  and  conaeqnentty  must  be  made  verj 
dectB  are  laid  upon  each  other,  and  after  being  ' 
nd-beat  to  anneal  them,  are  compressed  between  t* 
hydraulic  press,  which  renders  their  surface  perfautr 

{84T.    Shoot-iron, oaaccountoriL<;  cheapoewiadp 
ii  very  extensively  used,  but  the  readiness  vitk 
s  moist  atruosphere  would  limit  its  a 
TMueDce  remedied  by  tbo  process  oi 
the  foUowiug  manner. 

The  shee^irot)  i«  first  Mraped 
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for  &  few  moments  into  dilute  eulphuric  acid,  &Q<i  then  hosted  to 
redness  in  a  rcvcrberatory  furnace  ;  and  it  is  then  paused  between 
highly  polished  rolicra,  and  allowed  to  remain  for  24  hours  in  a 
fermented  acid  liq^uid.  Being  taken  out  of  this  liquid,  it  is  plunged 
for  a  few  roomonts,  first  into  a  dilute  eolutinn  of  sulphuric  and 
chlorohydric  adds,  then  into  freah  water,  and  lastly,  it  i«  dried  by 
rubbing  it  with  bran.     The  sheets  are  then  ready  for  tinning. 

ISeroral  rectangular  boxes  are  arranged  alongside  of  each  other 
in  the  same  furnace:  a  first  box  A  (fig.  .510)  contains  melted 
grease,  in  which  the  sheet-iron  is  left  for  IJ  hour.  The  workman 
then  dips  it  into  the  box  B,  containing  tnelted  tin,  where  it  remains 
also  1^  hour.  The  shecta  are  then  put  to  drain  on  an  iron  grat- 
ing, after  which  the  worlcmnn  dips  them  into  a  third  box  C  con> 
taming  impure  tin,  which  detached  the  excess  of  tin  remaining  on 
the  sheets  a,fter  their  (itsC  immersion  in  the  melted  metal;  after 
which  they  arc  rcmorod  and  cleaned  with  a  bruah.  The  mirfaco 
of  the  sheets  thi>n  retains  only  the  tin 
which  is  incorporated  with  the  iron,  by 
hitving  formed  a  true  alloy.  Lastly,  the 
workman  plunges  them  into  a  fourth  box 
D,  containing  very  pure  tin,  which  covcra 
*  them  with  a  brilliant  ooating;  and  ufter- 

mrdhe  places  them  in  a  fifth  box  E,  containing  melted  talbw,  which 
O&QBCS  the  surplus  of  tin  to  run  off  and  collect  in  a  small  ball  to- 
ward the  lower  edge  of  the  sheet.  U  sulltces  to  immerse  this  edge, 
for  a  few  moments,  in  a  siTth  box  F,  containing  melted  tin  to  a  few 
centimetres  in  depth,  to  deUch  the  little  ball. 

§  M8.  The  snrfnco  of  the  tin  covering  sheet-iron  is  frcttnenlly 

Eerfectly  smooth  and  brilliant,  while  its  inlernal  texture  is  crystaf- 
ne,  which  etin  bo  shown  by  dissolring  the  superficial  layer  by  an 
acid  ;  when  the  surface  of  tlio  sheets  becomes  wutercd,  and  often 
presents  a  beautiful  appearanoe  in  reflected  light.  The  acid  liq^nid 
used  for  producing  this  metallic  wntcring  is  a  kind  of  aqua  regia, 
made  of 

S  parts  of  chlorohydric  acid, 
1     "    of  nitric  acid, 
3     «    of  water. 


I 


The  patches  in  the  watoring  vary  in  si7.e  according  to  the  elowneu 
of  cooling  of  the  tin,  the  appearance  of  which  can,  howorer,  be 
altered  at  will.  By  passing  a  hot  soldering-iron  over  the  reverse 
of  the  watered  surface,  the  tin  is  ogiun  melted,  but  solidifies  as 
soon  as  the  hot  iron  is  removed,  thus  causing  a  ncwcrystallisatioa; 
hot  as  it  tdkcs  place  much  more  rapidly  than  the  first  orystallixa- 
tion,  a  Gncr  watering  resultf^,  which  forms  figures  in  the  original 
watering.  The  watered  tln-pUtes  should  bo  immediately  coated 
with  a  tranapareiit  Tarnish,  which  may  be  of  difforenl  colours,  to 
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prevent  their  tarnishiDg  in  the  nir,  vhicb  would  aooo  take  ptftce 
without  this  precautioD.* 

Manvfaetare  of  Iron-wire,  or  Wire-draunruj. 

S  S49.  Very  tenacious  and  dacltle  iron  alone  can  be  usod  for  the 
manufacture  of  wire,  unless  nteel  is  to  be  employed.  The  proceas 
of  wirft-drawing  is  very  simple,  consisting  oierelj  in  passing  iron 
rods  tbrougb  perforations  in  a  steel  plate,  called  a  wirfphttey  which 
an  perfectly  round,  their  diameters  decreasing  as  the  wire  b  cx- 
teodod. 

Fonnerlj,  thick  iron-wire  was  made  hj  drawing  the  iron  rod, 
the  end  of  which  waa  seized  with  a  pincers,  through  the  wire-plate, 
by  means  of  machinery ;  but  it  was  mashed  wherever  it  had  been 
grasped  by  the  pincers. 

Id  the  more  modern  processes,  the  iron  \»  first  wrought  into  rods 
of  from  }  to  ^  inch  in  diametar,  generally  by  heating  square  bars 
'iron,  rolled  in  ordinary  roltera  and  cat  into  lengths  of  from  1}  to 
~  it,  to  whiteness  in  a  rcbcntiug  furnace,  and  then  passing  them 
eb  the  rollers  deaorihed  §844,  which  revolve  about  2.'jO  limes 
Bunote.    The  first  groove  of  tho  cylinders  is  oral,  while  the 
lainder  are  circular.     The  iron  bar,  which  passes  in  less  than  a 
lotc  through  10  of  these  grooves,  and  comes  ont  in  the  shape 
:a  round  rod  of  ^  to  J  inch  in  diameter,  is,  after  cooling,  coiled 
a  circle,  and  then  heated  to  a  dull  red-heat  in  a  furnace,  to 
re  it  all  the  malleability  possibte  by  naituble  anuoaling.     It  is 
la  rolled  on  the  bobbin  Fu  (Gg.  611)  of  thf^  drawing-bench,  the 


Fig,  511. 


free  end  of  the  wire  being  pointed,  ana  passed  through  the  first 
hate  of  the  wire-plate  AB.  A  second  cast-iron  bobbin  C,  slightly 
epaieal,  it  furnished  with  a  small  chain  and  nincers,  which  seizes  the 
iroiHwirc  as  it  leaves  the  wire-plate,  and  obliges  it  to  wind  around 
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the  bobbin  C,  which  is  turned  by  berptlcd  wheels  jir,  pq,  of  which 
the  oiifl  ai  is  mOYcd  1>t  mscbinery,  while  a  click  and  Bpnnp-work  i 
(fig.  512)  enables  it  lo  be  afljiisted  to,  or  de- 
tached from,  Ihe  vertical  eha-ft  vm.  The  v'lrt 
plate  18  moved  vertically  in  the  gallows  D, ; 
that  the  wire  may  hare  always  the  proper  dia 
rection.     Wht-n  the  wire  has  passed  throagi 
the  6rst  hole,  it  is  ngnin  wound  around  thi 
hobbin  FG.  and  ita  pointed  extremity  insert 
into  the  eecdnd  hole  of  the  wire-plnte  havinj^ 
a  smaller  diameter,  and  so  on,  until  the  wir< 
18  of  the  size  roqnired.     Tint,  in  ronfieqoonc 
of  the  repeated  drawing,  tho  wire  leoomf 
very  brittle,  and  would  infallibly  break,  wer 
it  not  annealed  from  time  to  time ;  for  whi< 
reason  it  is  now  and  then  detached  from  thi 
bobbin  in  the  form  of  »  roll,  placed  in  a  cil 
cularcast-ironhox,  hermetically  sealed,  beaUd 
to  a  dull  rcd-hoat  in  ft  farnscc,  and  tb«D 


Fig,  612. 


allowed  to  cool  slowly. 

Manu/aatiire  of  Steel. 
1 850.  The  mannfacture  of  steel  may  bo  conducted  by  two 
wteproccs.i(;8:  cither  hypartiallydecarbonizingTerypure  cast-i 
or  by  coriibinin;^  wrought-iron  with  a  certain  quantity  of  carbon 
by  the  process  of  cementation,  that  is  by  heating  bars  of  iron,  for 
a  long  time,  in  contact  with  charcoal.  The  steel  obtained  by  the 
partial  refining  of  caat-iron  is  cftlled  7ni(tfi!,  or  forge-ateeU  while 
that  prepared  by  cementation  hears  the  name  of  bar  or  blMrred 
ateeL  To  render  both  native  and  bar  steel  homogeneous,  the  bars 
are  generally  liroken  into  pieces,  made  into  bandies,  and  heated  to  a 
white  wcMing-hua.1,  to  be  aj;ain  forced  into  bars,  either  by  the  ham- 
mer or  tho  cxtension-cylindors.  Ibeec  operations  are,  freijuently, 
repeated  several  UmcB,  and  tho  etccl  resulting  is  called  rtfined  aleeU 
or  nhear-tteel ;  while  8te«l  rendered  homogeneous  by  heating  it  to 
the  fusing  point  iu  earthen  crucibles  bears  the  namo  «f  ca»t-»tfelt 
and  possesses  enlirely  peculiar  properties- 
Steel  differs  from  wrought-iron  chiefly  in  the  pecoliorities  it 
acquires  by  tentj>ering,  that  is,  by  suddenly  plunging  it  when  hot 
into  cold  water,  which  operation  renders  it  very  hard  and  brittle, 
while  the  properties  of  malleable  iron  are  not  sensibly  altered  by  a 
similar  proccB.t.  The  iron  which  hardens  most  by  tempering  is  tbtH 
steely  liind,  and  is  most  catceincd  for  certain  purposes.  |H 

§S.^l.  Steely  iron  is  often  endeavoured  to  be  manufactured  by 
the  nietallurgic  treatment  of  ores  according  to  the  CatuUu  method 
(§  808).  Tho  workman  then  lessens  the  quantity  of  greillado  which 
be  generally  adds  during  the  operation,  hastens  the  fusion  of 
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ore,  frequently  clcins  away  tbo  scoriae,  in  order  to  diminuh  their 
decarbonising  action  on  the  mctoJ,  and  keeps  the  bloom  covered 
with  hot  coaU,  to  protect  it  againai  the  action  of  the  cairent  of  air. 
He  knows,  moreover,  by  tlio  pliyaicsl  characters  of  the  bloom,  nbeo 
fitop  the  operation.  Tlio  blooms  are  drawn  a<  usual,  bat  the 
B,  etill  hot,  arc  plunged  into  cold  water,  by  which  the  steely 
ts  boooDic  Tory  brittle,  and  aro  easily  bnmmered  off.  Steely 
inm  ia  chieQy  lucd  for  agricultural  implements,  euch  as  plough- 
"  'uwea,  acTthes,  etc. 

SS5^.  rJative,  or  forge  etecl,  which  can  bo  made  only  from  rery 
I  cast-iron,  a  extensively  manufactured  in  Genn^iny,  principally 
Siegen,'  in  Styria,  and  in  Silesia.  Tho  brilliant  laminated  caat- 
iron  yielded  by  the  mangaoiferoua  sparry  ores  in  charcoal  furnaces 
generally  used,  and  is  reSned  in  a  small  furnace  resembling 
for  the  refinery  of  cast-iron  made  with  charco&I.  The  hearth 
pog  filled  with  burning  coals,  6  or  7  platea  of  laminated  eaet-iron| 
inged  vertically  in  the  furnace,  are  succcssircly  melted  in  it, 
ler  the  iofluosce  of  a  strong  blast;  a  certain  quantity  of  rich 
Diise  and  ecrapa  of  iron  being  added  at  the  commencement  of  the 
eration.  When  tho  first  plate  has  fallen  to  the  bottom  of  tho 
ih  the  material  is  at  first  perfectly  liquid,  but  the  oxidizing 
of  the  acoriae,  very  soon  depriving  it  of  aufficient  carbon  to 
oy  ita  fluidity,  renders  it  doughy.  The  e«cond  plate  is  then 
,  which,  failing  to  tho  bottom  of  tho  hearth,  liquefies  tbo  whole 
Under  Ibe  oxidizing  action  of  the  air  una  tlic  aoorite,  the 
again  loses  ita  fluidity  by  porting  with  a  portion  of  its 
boD,  and  then  a  third  plate  is  added,  and  melted  in  tho  sane 
ler  as  tbo  firat,  but  so  that  the  liquid  drops  elialt  fall  into  the 
of  the  dougbymoM  at  the  b<-ttom  of  the  hearth.  This  time 
'  mass  does  not  liqncfy  entirely,  the  central  parts  alone  becoming 
The  proceas  is  continued  in  this  manner  until  (!  or  7  plate* 
melted,  making  a  weight  of  from  3io4cwt. ;  tho  scoriie  are  then 
>Ted,  and  the  bloom  is  withdrawn  and  divided  into  7  or  8  wedge- 
{»eces,  the  compoeition  of  each  of  which  is  similar,  while  tluy 
e  far  from  being  homogoueuu^  in  all  their  purt»;,  an  ihore exists 
t^at  dificrcnce  between  the  centre  and  the  circumfL-rcucc  uf  ih* 
biM.  They  are  hammered  out  and  converted  into  burs  of  aboiil  S 
iMliee  e<iaare,  daring  the  fusion  of  the  cast-iron  in  a  second  oMirar 
lion,  and  are  plunged,  while  etiU  hot,  into  cold  water  to  temper  loaw, 
aod  then  handed  to  the  refiners.  During  this  incomplete  r^mmj 
of  the  cast-iron,  the  eouHumptien  of  charcoal  'n  very  oouudutMlt. 
Ud  reaches  846  cubic  feet  of  charcoal  for  every  ton  of  cru4»  Mrf. 
SS64).  Dars  of  crude  nteel  vary  very  much  in  differeot  puis' 
tkdr  IcDgthf  as  one  of  tho  enda  is  always  more  carbu"  ' 

*  Tkt  ■ied  mutufkettired  nt  Lobe,  nckr  Siegea,  U  llMagbi  i'^  l»  u^  .^  .^  - 
rftt«  kiad:  IIm  <m  CBiploycii  U  the  tamtiffanifer^iu  cpwrj  tr-r:  '.''  i^-.  .^b- — 
Ins  MtttBUiB  (SuUb«rg)  It  Uuv9«ii.—  W,  X.  F. 
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the  otber.  The  refiner,  holding  ihe  bar  by  its  less  carburettcd  cnc 
fltrikes  it  across  an  anvil,  thiu  cftosing  the  harder  portion  instaDtl] 
to  break  ofT;  by  striking  still  harder,  ho  efTecta  the  soparation  of 
a  seconi)  portion,  less  staely  than  the  first,  and  a  bar  of  steely  iraal 
renaioa  in  his  hand,  which  he  cannot  break  by  a  blow,  and  which^ 
he  sets  aside  to  be  used  for  sharp  agricultaral  itnplem4>Dta.   The  por 
tions  detached  by  the  blow,  deatined  for  the  manut'acturo  of  steel  o! 
superior  quality,  are  sorted  according  to  the  appearance  of  tbei] 
grain,  and  are  rendered  more  homogeneous  by  several  suecesaivo  pr* 
OMSes  of  refining.     The  workman  luys  a  bar  of  hard  stee\  on  one  of ' 
softer  steel,  melts  the  whole  at  airhite  welding-heat,  and  transfckri 
it  ander  the  hammer  into  a  flat  bar,  which  he  immediately  tempers.' 
These  flat  bari  are  again  broken  into  pieces  and  tied  in  bundlea,^ 
taking  care  alwaya  to  place  a  hard  and  soft  bar  together,  hy  whit" 
sacoessive  operationa  the  material  becomes  more  and  more  homt 
gfiDeoQSf  bm  the  waste  and  coDSRmption  of  fuel  is  rapidly  incrcaseii 
The  material  also  Iomb  more  and  more  of  its  carbon  during  tl 
reheatings,  and  would  be  converted  into  pure  iron  if  the  bundles^ 
were  not  covered  with  n.  coating  of  pure  clay,  which,  melting  bj 
the  assistancf  of  a  suiull  quantity  of  oxide  of  iron,  preserves  tl 
material  from  tlie  direct  contact  of  the  air. 

§  854.  Bar  or  bliiiCered  steel  is  prepared  by  heating  tbin  bars  oE 
iron  for  a  length  of  time  in  contact  with  clisrcoal  at  a  high  tem« 
perature,  always,  however,  below  the  point  of  fusion ;  when  thf 
carbon,  first  combining  with  the  iron  of  ibo  surface,  soon  penctratt 
it  and  unites  sacccssivcly  with  the  varioas  layers.  It  is  cndcol 
that  u  homugeneouB  cetnontatiou  cannot  take  place  throughout  the 
whole  thickness  of  the  bare»  aa  the  external  parts  have  atreadj 
become  stcet  while  the  inside  is  still  in  the  state  of  wrought*troE 
and  are  comrcrted  into  hard  steel  when  the  inside  boa  Just  cod 
menccd  to  become  soft  steel ;  and  lastly,  the  former  approach  tl 
composition  of  cat^t-iron  when  the  central  portions  arc  hard  atcclij 
The  cementation  of  iron  is  effected  in  large  rectangular  boxes 
(fig.  513],  made  of  refractory  bricks,  in  an  arched  ovon  M,  ti 
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icarth  of  vhioh  is  «t  "F. 
aall  rent-holes  o. 


I  J.  Tbo  flkme  anil  smoke  escape  through 
into  th«  chimney  V.  The  boxcB,  realing  on 
■mall  bridges  of  brick,  and  eurroundcd  hy  vacant  spaces  liirongb 
(Vluch  the  fl^me  circdiitcs,  arc  from  7}  to  15  feet  in  length,  from 
"J  to  3  feet  iu  width,  aad  as  muoh  ia  height.  Wood  or  pit-coal  ia 
uriMd  otk  the  erato. 

The  cement  la  made  of  powdered  chnrcoal,  to  which  j\i  of  its 

^Height  of  ashes  and  a  little  sea-aalt  are  frequently  added.    The  pare 

ilayod  by  these  two  Babstances  in  the  process  of  cementation  has 

^oi  been  yet  explained.     In  order  to  charge  a  cemcnlation-box,  a 

ayer  of  cement  to  the  depth  of  about  2  incnos  is  first  spread  in  it, 

ad  on  this  a  layer  of  Iron  bars  is  arranged  edgewise,  so  as  to  leave 

Btweeti  ihem  a  space  of  somewhat  lees  than  a  h  inch.      The  bars 

not  c|Qtte  so  long  as  the  box,  so  as  to  allow  roou  for  free  ex- 

ision :  a.  section  of  them  is  h>  rectangle  of  aboat  1 }  to  2  inches 

I  to  ]t  inch.     Between  and  above  the  bars  a  layer  of  cement 

9Ut  I  inch  in  thickness  is  placed,  then  a  second  layer  of  bars, 

id  BO  on,  until  the  box  is  filled  to  within  about  6  inches  of  the 

It  is  then  closed  hermetically  with  refractory  bricks,  or  better 

till,  with  a  layer  of  quartzoKe  sand.     The  two  boxes  of  a  furnaoe 

[oont^in  from  10  to  20  tons  of  iron,  according  to  their  siiOi 

Each  box  has  several  openings  corresponding  to  working-holes 
,  tbo  wall  of  the  furnace,  tlirougo  which  some  of  the  bars  can  occa- 
iinally  be  withdrawn  lo  estimate  the  progress  of  the  oporaliou  by 
[titeir  appearance.     The  proper  tcmpeniture,  which  ia  nearly  that 
tt  the  fusing  point  of  copper,  ia  attained  in  24  hours,  and  kept  up 
or  T  or  S  days.     C'cmeiitalion  advances  more  rapidly  at  u  higher 
euperature,  but  in  that  case  the  products  are  still  lo<)s  homogeue- 
ma.    Whoa  the  cementation  is  supposed  to  be  completed,  the  far- 
ice  in  nllowed  to  cool  for  several  days  before  being  omptiod,  when 
lie  surface  of  the  bars  is  covered  with  siaall  bubbles,  or  blisters, 
3m  which  circumstance  the  Bteel  has  rcct'ived  the  name  of  bUttered 
eel.     Tliis  steel  can  be  u^ed  only  after  having  been  made  more 
ggeneous  by  fagoting  or  by  fu&iou.     About  60  lbs.  of  pit-coal 
used  for  2  cwt.  of  crude  stool- 
Bar-steel  is  refined  nearly  in  the  same  woy  as  bar-iron.  Bundlea, 
idc  of  several  bars,  sorted  by  placing  the  hard  on  the  softer  bars, 
re  heated  in  email  blast-furnaces  fed  with  pit-coal,  and  then  new 
%tt  are  made  of  them,  either  by  luiniinering  or  rolling,  which  are 
npeted  and  then  broken  into  several  pieces.     Other  buodlcs  are 
'■laae  of  the  fragments,  and  they  are  again  forged.     The  fagoting 
is  repeated  once,  or  several  times,  according  to  the  quality  oT  steel 
10  b«  man  n  fact nrod,  as  the  steel  becomes  softer  M  each  fagoting 
by  lofling  a  portion  of  its  carbon. 

§  855.  Iron  or  steel  articles,  when  finished,  arc  sometimes  sub- 
jected lo  cementation,  by  an  operation  called  t;a»e -hardening,  in 
order  to  harden  their  sarfacc.     The  articles,  arranged  in  layers 
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with  c«meDt,  in  sheet-iron  boxes,  are  heated  to  a  tigU  tcmpcr&ture 
in  boxes  Eurrouncled  hj  bot  valUi,  irbich  are  renewed  until  the  pro- 
cess 18  judged  to  be  completed,  wbich  ia  known  by  pieces  of  iron- 
virc,  pciictr»ting  the  boxes  and  removable  at  pleasxire.  The  ce- 
mented ttrticles  are  tempered  by  immersion  in  cold  water.  Steel 
objects,  of  which  the  surfaco  has  been  softened  so  that  they  might 
be  more  easily  wrought,  are  often  case-hardened.  Id  order  to 
soften  the  surface  of  a  steel  object,  it  19  boated  in  a,  heap  of  iron 
filings,  tnd  then  allowed  to  cool  elowly. 

§866.  Steel  acquires  a  perfectly  horaogeneoua  character  ooly  by 

fusion,  and  then  takes  the  name  of  cast- 
steel.  The  fusion  is  effected  in  fire-clay 
crucibles,  in  a  common  furnace,  consist- 
iti^  i>r  a  small  reotaogular  chamber  A 
ii'L'.  ■'il4),  of  3  feet  in  dejjth,  and  of 
which  a  horizontal  section  is  1|  by  1^ 
feet.  The  chamber  is  lined  with  an 
infusible  quartzose  grit,  and  communi- 
cates with  xhe  chimney  C  by  a  hori- 
;^oDtal  throat  B,  the  draught  being  re* 
L'liUted  by  a  register  r  in  the  chimney. 
TK-  upper  part  of  the  foniace  is  open, 
ui  iillow  the  introduction  of  the  cro- 
ciblc  and  the  fuel,  hut  the  opening  is 
covered  by  a  lid  made  of  refractory 
"  ;^nt,  or  fire-bricks  held  toj;ethor  in  an 
iioii  frame.  Several  of  thu&o  raelting- 
.    '  '  furnaces  arc  generally  arranged  along- 

side of  each  other,  while  their  chimucya  are  united  in  the  sunie 
stack. 

Tho  crucibles,  a  vertical  section  of  one  of  which  is  seen  in  fig. 

515,  arc  made  of  very  refractory  clay.     One  of  the  crucibles  is 

^^^    placed  in  the  furnace,  covered  with  buruiug  pit'Coal,  and 

the  furnace  is  then  filled  with  coke,  merely  to  heat  the  sides 

fof  the  furnace,  tho  chiran<^y,  and  the  crucible.  Thirty 
pounds  of  cemented  steel,  broken  into  pieces,  are  iheo  in- 
troduced into  the  crucible,  which  i»  covered  with  its  lid  A, 
and  the  temperature  is  rapidly  elevated.  The  fusion  of  the 
steel  generally  requires  4  hours,  after  which  iho  cnicible  is 
reiiiovfd,  the  ltd  taken  ul}',  and  the  fused  Btecl  puured  into 
caHi-iron  iiigol-mouKls.  Tho  crucible  is  immcdi^ilely  re- 
^*'*"^'  placed  in  the  furnace,  and  a  new  charge  introduced  for  a 
second  lusian,  which,  however,  requires  only  3  hours.  Tho  same 
cruoible  may  serve  for  a  third  mcttJng,  but  is  afterward  rejected  us 
oseless- 

A  cast-stccl  of  very  soperior  quality,  and  known  by  the  name 
Woott,  h«8  long  been  manufactured  iu  India.     Ii  is  made  in  maall 
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neces,  wc!ghbg  at  moet  from  2  to  4  lbs.,  hy  hatiag  iron  at  a  very 
^gh  tcnpentaro  in  contact  vith  eertain  TOgetablea  vhieti  are  e»r- 
lised  hy  beat. 

St«et  remarkablo  for  its  eroat  hardness  is  obto-ined  hy  fasting 
"nary  Bteel  irith  very  email  proportions  of  cerUiu  nietala,  buou 
.  ftlTer  and  platinum. 

§867.  !?tecl,  bcatcd  to  a  very  high  tempcroture,  and  then  aU 
red  to  cool  slowly,  becomes  as  sou  as  cast-iron,  and  can  be  cut 
ritfa  ft  file,  or  turned  in  a  Inthc,  but  on  being  hoat«d  to  redness  and 
l»en  Roddenly  cooled  by  dipping  it  into  cold  water,  is  rendererl  very 
ird  and  brittle.  The  steel,  which  is  less  donsc  than  annealed 
el,  u  then  said  to  be  tempered.  By  heating  it  again  to  redness 
id  allowing  it  to  cool  slowly,  it  regains  its  original' malleability. 
Steel  objects  arc  first  mnuc  of  annealed  steel,  with  the  haaimer. 
He,  or  lathe,  and  the  proper  degree  of  h&rducsa  is  then  given  by 
Bmpering;  but  na  they  generally  become  too  hard  and  brittle  by 
process,  tbey  must  be  agniu  heated  to  bring  them  to  a  proper 
^ree  of  aoftncisa.  The  great  skill  of  the  workman  consists  in 
lowing  the  exact  moment  of  the  completion  of  the  annealing,  in 
hrhiob  he  is  guided  by  tbo  often  very  bnliiant  colours  displuyt,^  on 
'V  siirface  of  the  metal  during  iho  annc^aling,  and  which  curre- 
ond  exactly  to  certain  temperatures.  The  colours  arc  produced 
thin  pellicles  of  oxide  reflecting  various  colours  according  to 
bcir  thickness :  in  a  word,  the  caase  of  this  phenomenon  is  the 
tiam«  as  that  which  produces  the  beautiful  iridescence  of  a  soap- 
bkabble. 

iTeoipered  steel,  reheated  at  220**  produces  a  straw-yellow  colour. 

"  «  240'         "  golden-yellow      " 

"  "  255*        "         brown  « 

"  «  265*        '*         parple  ** 

"  «  285*         "         bright  blue  " 

"         indigo-blue 


295" 


very  deep  blue 


tUlV  rdwftting  is  carried  to  the  production  of  any  particular  colour, 
"  ig  to  the  i|uality  of  the  steel  and  the  nature  of  the  object. 
Many  cotting  instroraents  are  made  by  forging  together  bars  of 
steel  and  soft  iron,  by  which  proceeding  they  are  rendered  less 
brittle,  bnt  also  less  hard,  than  those  of  pure  steel.  Gun-barrels 
are  usually  made  in  this  manner. 

When  the  surface  of  an  object  mode  of  non-homogeneous  steel 
u  attacked  by  a  feeble  acid,  the  heterogeneous  structure  of  the 
iBat«ml  is  evinced,  and  diflerent  ogrceablo  dcsignFi  result,  which 
nry  a«oordtsg  to  the  process  adopted.  The  stuul  is  then  siud  to 
be  iJamcuked.  When  the  steel  is  combined  with  i^mall  quantities 
of  foreign  metals,  which  arc  irregularly  scattered  through  its  8tlb- 
Uaiuw,  the  effect  of  the  figuring  oecomes  very  heantiful. 
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TESTING  OF  IR0N-0RB8. 

§  858.  The  ricluiessof  an  iroD-oro  may  bo  ascertained,  «ithcr  bj 
the  dry  or  the  humid  way.  Testing  by  the  dry  way  is  uu  imita- 
tion in  mioiftture  of  the  blast-furniMe,  and  yields  the  finmo  pro- 
ducts, viz.  cast-iron  and  slag,  and  haH  tbc  advautago  of  ttllowing^ 
the  operator  to  judge,  by  tae  small  lump  obtained  in  the  aseay, 
of  the  quality  of  cast*iroQ  which  the  oro  vould  produco  in  tua 
bUst-furnncc. 

Nevertheleas,  before  making  the  assay  in  tbe  dry  way,  uomo  pro- 
liminary  exp«rimcnt3  in  the  numid  way  arc  generally  performed,  I 
as  they  more  clearly  determine  the  nature  of  the  ore,  and  ahow  the ; 
quantity  of  Giik  necesenry  to  be  added  to  obtain  a  good  smelting. 

We  aliall  divide  the  ores,  nhich  it  may  he  neceasory  to  aawy« 
into  four  classes :  Ist.  Those  ores  which  contain  iron  in  the  state  . 
of  hydraled  Besquioiide  ;  2d.  Ores  formed  by  anhydrous  aeaqui-j 
oxide;  3d.  Orcsof  magnetic  oxide  of  iron;  4th.  Sparry  ores,  that  < 
18}  those  formed  by  protocarbunaLe  of  irou. 

1.  The  ores  of  the  fi.r£t  cliu^s,  which  arc  much  the  most  abun-i 
dant  in  France,  are  tested  in  tbc  following  maQncr: 

Ten  grammes  of  the  ore  are  first  calclaed  to  radncsB  in  a  plati-rj 
Dcm  crucible,  to  disengage  water  and  carbonic  acid.    Lctp  bo  thoij 
weight  of  the  calctnea  Buhataocc,  then  will  (10— ji)  represeat  tb 
weight  of  the  water  and  carbonic  acid. 

Ten  other  grammes  of  finely  powdered  ore  are  then  treated  wit 
very  weak  nitric  acid,  which  dissolves  only  the  carboniitea  of  ItsK 
and  magnesia  wbich  may  be  in  the  gangtie.  (If  none  existed,  thei 
would  bi-  UQ  cfferveacence,  and  the  uae  of  the  weak  nitrto  aci4j 
would  be  superfluous.)     When  the  ©iferreacenoe  haa  ceaecd,  ev( 
after  the  addition  of  a  frcnh  quantity  of  acid,  the  residue  is  col- 
lectod  on  a  small  filter,  washed  with  a  little  water,  and  calcined  in 
a  platinum  crucible.     If  p'  be  the  weight  of  this  residue,  (10 — p') 
will  represent  the  weight  of  the  water,  carbonic  acid,  and  lime 
contained  in  the  ore ;  and  consequently,  (p—p")  will  bo  the  weighg 
of  the  lime. 

Lastly,  10  gm.  of  powdered  ore  nro  nttaclced  with  conoentrat 
chlorohydric  acid,  and  the  solution  boiled  until  the  residue  has  tu-] 
tlrely  lost  its  colour.     The  quartz  and  clay,  which  alone  remail 
as  a  rcBidue,  are  collected  on  a  filter  and  weighed  after  calcinatioB. 
Their  weight  being  represented  by  p",  we  shall  have  fur  the  compo* 
sition  of  the  ore,  by  collecting  the  results  of  all  these  operations ;  ■ 

Water  and  earbonlo  acid {10— p)  ^^ 

Lime {p~p')  ^^^B 

Qttartz  and  clay p"  ^^^^M 

Oxides  of  iron  and  manga-  '^^^^R 

neso,  (differentially) lO-(10-p)-(p-|)'}-p"=(p'-p"}. 

If  the  ore  eonttuDS  only  a  small  quantity  of  manganese,  which  Is 
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»aij  recognised  by  tli«  oclircoiu  colour  of  ita  poirder,  tbo  weight 
\j>'—p")  will  represent  pretty  exactly  tlio  weight  of  the  mohydroUB 
tuo.\idc  of  iron  in  the  ore,  and,  ooDaeqaoatly,  ^  {^~p")  will 
tho  weight  of  the  metallic  iron. 
It  b  more  euj  to  make  the  assay  by  the  dry  way,  ander  the  most 
ivoonibl*  conditions.     Exporiment  has  shown  that  the  caat-iron 
readily  ecparates,  and  a  wclI-fuscd  stag,  nearly  entirely  free 
im  oxide  of  iron,  ta  obtained  when  the  gangae  is  composed  of  clay 
and  carbonate  of  lime,  in  such  proportions  that  the  tatter 
ahould  be  two-thirdsof  the  clay.  An  addition  of  chalk  or 
kaolin  to  10  gm.  of  powdered  ore  is  then  made,  until  the 
mixture  resembles  the  composition  juBt  in  dicated ;  which, 
after  being  well  ground  in  dti  agate  mortar,  is  introdaced 
into  the  cavity  cStc  of  a  cracible  covered  with  damp  char- 
coal* (&g.  516).    The  ore  is  iueertcd  in  a  heap  m  into 
tlie  cavity  made  with  a  glass  rod,  and  the  crucible  Is 
*""'    filled  with  damp  charcoal.      The  lid  ia  luted  with  clay, 
the  crucible  itself,  being  set  on  6rc-bricka,  or  picoM  of  burnt 
earth,  and  secured  with  clay,  is  heated 
in  an  air-fomacc,  or  in  a  forgo.     F1* 
guro  517  represents  the  construction 
of  an  air-fumacc  very  suitable  for  test- 
ing iron-ores  ;  it  resembles  the  faniace 
for  melting  steel  (§  Sd6),  but  is  smaller. 
Four  cTDoibles  may  be  arranged  in  this 
furnace,  and  4  teats  made  at  once.  The 
fuel  o8«d  LI  a  mixture  of  eqaiil  ports  of 
charcoal  and  coke,  taking  care  to  raise 
the  temperature  gradually,  80  that  the 
crucibles   may  dry  slowly,  while  the 
register  r  regulates  the  draught.    Dur- 
ieg  the  last  quarter  of  on  hour  the 
temperature  is  raised  as  high  as  poa- 
:hle.     The  operation  lasts  in  nil  an 
'  hour  and  a  quarter,  after  which  the 
eniciblcR  are  removed  and  allowed  to 
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'  The  prepcntlan  oTa  "t>ra^a«>l"  orucible  requires  foist  pnciulloiu,  wblcli 

iBij  bcvortli  while  to  Inilickl«.    "BrM<iuu"  u  ovmpoMd  of  cLarGOal,  poirdarvil 

ad  ilA^d,  BiolfUaMd  iritb  water  xf  «s  to  p.^t  it  &  cvrtain  degree  of  eccBialmoj, 

Rkd  isUoitwrd  into  a  crci«ihle  of  nfrkctoiy  e\t.j,  into  wbich  it  ii  ntmmfril  vllb  ■ 

EvMdagi  MAaipAr.     TMt  r«qiiirM  Mrcrftl  ftdditionn  df  tlio  matoriat,  ax  il  beecmea 

■[iiMliil  b;  pooDiUng.  Aefors  kddiBg  a  bcw Injor,  the  snrfsoe  of  Uio  preccdios 

■llwmBdaroHKh,uotbenriM!lwoii)dnot  lni'i>rpurii«  itself  with  (ho  •uctm.-d- 

j  iirmMnD,  uid  tha  twolftjersmifbt  np&rale  duiiuK  ihv  beAting,  cuuBiog  orscka 

floferai,  Uirough  which  tho!l<|uirj  tDhntancm  miftlit  ncnpc. 

Vhefl  the  crucible  la  tiled  aDl  the  charooAl  woll-benped  in,  a  pM-t  «f  the 
"WNqM"  it  rencred  with  ft  luife,  »o  u  to  fotia  a  r«iuut«d  caritjr  ali  (tg.  £16), 
I'Ibe  aMtirial  UJun  frem  wbi«h  n  )i*«p«d  along  Ik*  aide*  ef  the  crucible ;  ud  tha 
tfkM  M-e  tfa*ii  mUi«d  caooth  with  %  etremg  glaM  rod. 
Y«u  IL— K 
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c«o1-  The  fused  lump  taken  from  the  bottom  of  the  crncible  is 
composed  of  a  button  of  cust-iron,  surtuouatcd  by  slag,  botit  of 
wbicli  are  weighed  together.  The  slag  is  then  brokoo  off  nnd 
poaaded  to  pieces,  to  uccrtaiu  tlutl  it  oont«ins  no  metallic  globules, 
Bfld  the  button  and  globules  are  Tfligbed. 

It  is  proper  to  remark  tiiat  as  tbo  metal  weighed  t»  in  the  state ! 
of  eafit-irou,  that  is,  eombioed  with  a  certain  quuntilj  of  earbon, 
its  weight  in  cvnsciiuCDtly  rather  too  great:  but  at  the  same  timei 
this  exoesB  of  weight  U(.-a.r1j  compensates  for  the  ^iiiuU  quantity  I 
of  iron  which  always  remiuiu  in  the  etatc  of  o:ddo  in  the  slag. 

Instead  of  the  air-furuacc  of  fig.  517,  which  is  found  onlj  in 
laboratories  where  such  tests  ore  made  in  quantity,  an  ordinary ' 
blackamitli's  forge  ma;  he  used,  when  a  sort  of  hearth  can  con- 
veniently be  m&de  with  refractory  bricks,  in  the  midst  of  which  { 
the  crucible  is  to  be  placed. 

Fig.  518  represents  a  smalt  portable  furnace,  which  may  bo  eon- '. 
stmctuJ  withuut  much  expense,  and  is  well ; 
adapted  far  testing  iron-ores.     It  is  made] 
of  two    large  refractory    crucibles  ABfit/, 
ABEF,  the  upper  one  of  which,  forming  the 
lid,  hios  a  largo  opening  0,  through  whicfa^j 
tlie  fuel   is  charged  and  the  air  escapes,! 
while   the   lower  crucible  has  three  holes 
o,  o',  o",  and  its  bottom  rests  on  a  cup  IT 
of  baked  clay,  into  which  the  noztle  a  of  a 
bellows  enters.    The  small  "hrasiiued"  om-j 
cible  is,  in  order  to  place  tt  in  the  middlt; 
of  the  furnace,   set  on  several   pieces  of' 
brick  placed  on  each  other,  to  the  upper  one  ] 
of  which  it  Is  luted  with  clay.     The  fuel 
I  ^_     >  -  used  is  charcoal  or  a  mixture  of  charcoal  i 

and  coke. 

2.  When  the  ore  consists  of  onhydrons  peroxide  of  iron,  the ' 
proportion  of  eiliccoas  gangne  can  no  longer  be  determined  byi 
noting  on  it  with  chlorohydric  neid,  because  the  native  peroxide  is| 
unaffected  by  this  acid,  and  the  latter  therefore  dissolves  only  the! 
carbonate  of  lime,  which  may  be  thus  determined: — In  order  to 
make  the  assay  in  the  furnace,  ^  of  its  weight  of  a  fusible  silicate, 
white  glass,  for  example,  is  mixed  with  the  ore,  in  order  to  prevent 
the  too  siliceous  scoriai  from  rclaiaiog  oxide  of  iron.      If  this 
should  nevertheless    take  place,  which  would  be  known  by  che 
deep  green  colour  of  the  slag,  the  test  most  be  repeated,  but  with. . 
an  increased  proportion  of  cnrbouate  of  lime,  or  with  less  glas» 
than  before. 

3.  As  even  the  most  concentrated  acids  act  with  difficulty  on 
native  mognetio  iron,  the  proportion  of  quartzose  gangue  by  which 
such  ores  arc  accompanied  ciuinot  be  determined  by  chlorohydric 
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tod  tbo  b8Mj  must  bo  made  as  id  tb«  preceding  case,  that 
I,  tbe  ore  muat  be  immodiatplj  fused  in  a  forge-fire  with  nn  ad- 
'lixtorc  of  yrhiii  glass  and  carb&natc  of  lime. 
4.  Although  the  n&tiT«  protocarbonatc  of  iron  is  converted  by 
Icibation  into  mocaetic  oxide,  the  loss  of  weight  which  Bp&n-y 
BuBer  b/  lieat  docs  not  exact!?  rcpreBcnt  the  weight  of  the 
BE*ged  wat«r  sod  carbonic  acid, 'because  the  protoxide  of  iron 
DfDS  a  portion  of  tbe  oxygen  of  the  carbonic  acid  which  it 
oatpo>ie».  B^  treating  the  ore  with  weak  nitric  acid,  the  ear- 
onato  of  lime  u  dissolved ;  but  a  certain  quantity  of  iron  being 
iSBolved  at  the  aamo  time,  tbe  lime  cannot  be  determined  as  in 
be  first  cm<c  and  it  become?)  nccesnary  to  act  on  the  ore  with  con- 
Btrated  boiling  clilorohjdric  acid,  in  order  to  convert  the  iron 
ito  se»(iuioxidc.  The  aolittion  is  evaporated  to  dryness  at  a  gentle 
It  to  drive  off  the  excess  of  acid,  and  treated  with  water,  which 
ires  the  qnartsoso  and  argiltaceoiu  gangue  undtssolred ;  after 
ihich  the  sesqnloxide  of  iron,  the  protoxide  of  munganese,  and  the 
ine  arc  then  successively  separated  in  the  U<iuid  by  tho  prDceaeee 
pescribed  g  K03. 

S  86!^.  When  the  oxide  of  iron  readily  dissolres  io  acids,  the 

Iwuitity  of  iron  existing  in  an  ore  can  be  exactly  and  rapidly 

ttcmiined  by  hoihng  S  grammes  of  the  finely  powdered  ore  with 

hlorohydric  acid,  until  tbe  solution  loses  its  colour,  CTapoTDtiag 

I  drive  off  the  excess  of  acid,  and  treating  the  residue  with 

iter.  The  latter,  which  consists  of  the  cjuartzose  and  argillaocou^ 

AgaCi  is  collected  on  a  filter  and  weighed.     A  standard  solution 

permanganate  of  potassa  is  then  poured  into  the  liquid,  using 

[file  precautions  indicated  (§  S04),  until  tho  liquid  assumes  a  perma- 

oeot  rose-colour,  and  the  quantity  of  metallic  iron  existing  in  the 

rl  grmmmes  of  ore  is  determiued  from  the  quautity  of  permanganate 

[upotassa  naed. 

IT  the  ore  be  epecular  iron,  or  magnetic  oxide,  it  can  only  be 
[hcted  on  by  chlorohydric  acid,  after  bcine  heated  to  a  high  red- 
[iMat  in  a  platinum  crucible,  with  3  or  4  times  iu  weight  of  car- 
rboosto  of  soda,  or  lisutpfaate  of  potassa.  Tho  peroxide  of  iron,  in 
Ail  way,  becomes  disaggregated  and  easier  soluole  in  chlorohydric 
Iflcid. 

AXALTSIS  OP  CAST-inON  AND  BT£BL. 

5860.  Cast-iron  is  a  compound  of  carbon  with  iron,  frequently 
l^cobtoining,  in  addition,  a  certain  quautity  of  siliciiim,  eulphur, 
fboms,  and  manganese.     Wu  shall  proceed  to  describe  the 
'  of  successively  determining  these  several  elements. 
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I>etermination  of  Carbofu 

§  861.  Gra/  cast-iron  can  be  easjtjr  filed,  wliilo  wliite  cast-iron 
And  fine  metal  are,  on  the  contrary,  rer;  bard,  but  ^fhon  the  fil« 
■will  not  cut  them,  they  can  be  pountJed  in  a  mortar.  Fig.  510 
represents  a  small  apparatus  of  caat-stecl,  in  which 
the  pulverizntion  can  be  ensiljr  effected.  It  is  com- 
posed of  a  steel  receiv^er  ahcA^  to  which  is  fitted  a 
cylinder  f.^A,  exactly  filled  by  a  steel  piston  P.  Some 
pieces  of  white  caat-iron  are  placed  m  the  cylinder, 
the  piston  F  is  introduced,  and  resting  the  ba^e  he 
on  an  anvil,  the  bend  of  the  piston  is  Rtriick  with  a 
hammer.  After  a  certain  number  of  blows,  tlio 
povdered  substance  is  removed,  and  passed  through 
a  eilk  eievo ;  the  fragments  then  remaining  on  tho 
^ere  being  again  broken  up  in  the  apparatus,  and 
this  process  repeated  until  the  whole  quantity  la  rouuccd  to  Bne 
powder. 

Five  grammes  of  powdered  east-iron  arc  then  mixed  with  100 
or  120  gm.  of  chromate  of  lead,  \  of  the  mixture  is  set  aside,  and 
with  the  remaining  j,  5  gra.  of  chlorate  of  potosea  are  inti- 
mately mixed,  when  the  whole  ij  introduced  into  a  tube  ctosei)  at 
one  end,  resembling  those  used  foi*  the  combustion  of  orgaaic  aub* 
stances  with  oxide  of  copper :  and  ou  it  the  mixture  containing 
no  chlorate  of  potassa  is  plnoed.  The  tube  13  rested  on  a  ahect- 
iron  grate,  while  a  tube  containing  chloride  of  calcium,  or  pumico- 
Btone  aoaked  in  concencratcd  sulphuric  acid,  to  absorb  the  moistnro 
given  off  by  tlic  matcrialn,  \s,  fitted  to  its  extremity,,  and  the  whole 
apparatus  is  then  iLrrangcd  as  represented  in  fig.  279. 

The  anterior  part  of  the  coinbuKtion-tubo,  vrliich  does  not  con- 
tain chlorate  of  potassa,  is  first  heated,  and  the  coals  are  then 
slowly  approached  to  that  part  containing  the  chlorate.  The  caBb- 
iron  burns,  partly  at  the  expense  of  the  oxygen  of  the  cbromat4 
of  lead,  and  partly  by  that  disengaged  by  the  chlorate,  and  oar- 
bonio  acid  is  formed  and  collected  in  the  globe  apparatus.  Freeh 
coftla  ue  added,  until  the  end  of  the  tube  is  reached.  The  ezoesa 
of  oxygen  gaa  arising  from  the  decumpoHition  of  the  chlornte  is  at 
the  eame  time  disengaged  and  driven  through  the  apparatus;  but 
a  little  experience  soon  teaches  how  to  avoid  any  danger  of  an 
exploaton.  It  is  well  to  place  a  small  quantity  of  a  mixture  of 
cbromate  of  lead  and  chlorate  of  potassa  at  the  end  of  the  com- 
bustion-tnbe,  as  the  oxygen  disengaged  from  this  drives  the  lost 
traces  of  carbonic  acid  through  the  globe  apparatus.  The  increase 
of  weight  of  the  latter  gives  very  exactly  the  carbonic  aeid  arising 
from  ute  carbon  of  the  caet-troa,  while  the  sulphur  it  may  coutuLu 
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rcmiuos  ia  the  combustion-tube  in  the  st«to  of  satphate  of  lead, 
and  doee  not  afiect  the  result  of  tbo  ezporimcnt. 

It  is  importaot  to  keep  the  mixture  in  the  combust! on-tnbo  so 
that  a  free  space  may  remain  in  the  upper  part  of  tJie  tube,  as 
otlierwise  tbc  chroinntc  of  lead,  on  becomiDg  itoughy  and  expaudcd, 
might  obstruct  the  tube  nud  canse  an  oxplumun. 

Tbe  same  process  necessarily  applies  to  the  dctcrminatioa  of 
the  carbon  which  existii  in  ate«l  and  in  soft  iron. 

The  carbon  cootained  in  cast-iron  and  stcol  may  also  be  exactly 
determined  by  causing  these  substances  to  react  slovly  on  cblorido 
«f  silver.  To  do  this,  SO  or  40  grammes  of  chloride  of  silver  are 
fosed  in  a  porcelain  capsule,  n  piece  of  iron  or  steel  weighing 
about  5  gm.  and  exactly  weighed  b  placed  on  it,  and  then  water 
ooai*lniiig  a  few  drop»  nf  chlorohydric  acid  is  added.  The  chlo- 
ride of  filver  ia  gradually  decomposed,  while  protoehloride  of  iron 
is  formed  and  the  cnrbon  net  free  ;  but  the  reaction  is  very  stow, 
uid  often  requires  several  weeks  for  its  completion.  There  re- 
mains, at  last,  a  spongy  mans  of  carbon  and  silicic  acid,  from 
vfaich  the  last  tnuws  of  iron  arc  extracted  by  boiling  with  dilata 
chlorohydric  ucid.  Tbe  precipitate  is  collected  on  u  lilter  and 
wd^^btd  after  being  well  drie<l,  or  better  still,  after  a  calcination 
in  s  current  of  hydrogen  gits.  Its  weight  ia  that  of  the  carbon 
sad  silicic  aeid  united ;  and  it  is  then  calcined  in  a  platinum  capsule, 
by  which  the  cnrbon  burns  off,  when  the  weight  of  the  silicic  acid 
muning  can  be  directly  determined,  and  that  of  the  carbon  cal- 
cdatod  by  the  ditTerence. 

As  a  substitute  for  chloride  of  silver,  chloride  of  copper  may  be 
Mlployed,  which  acts  more  rapidly  on  the  oaat-iron,  but  >lways 
disengages  a  small  quantity  of  carburctted  gas,  so  that  tlio  weight 
of  the  carbon  found  is  rather  loo  small. 

1 8€2.  We  have  seen  that  c&rbon  cbuld  exist  in  cast-iron  in  two 
Matw:  111,  in  that  of  eonbiiied  carbon,  as  in  white  cast-iroa  and 
■lecl ;  2dly,  in  the  state  of  small  isolated  Inmiuic,  as  in  gray  cast- 
iron.  It  is  of  tbc  highest  importance  to  distinguish  these  two 
states  of  carbon,  aa  they  exert  a  remarkable  itinueuce  over  the 
natnre  of  the  ea«t-iron,  and  moreover  are  easily  dotermined  by 
aaalycis.  In  fact,  when  chlorohydric  acid  is  allowed  to  act  on  u 
«Ut»  cast-iron  or  steel,  the  metal  dissolves  and  evolves  a  very 
fetid  hydrogen  gas,  containing  a  considerable  quantity  of  guaeous 
carbureltcd  hydrogen,  and  vapours  of  certain  litjuid  carburettod 
hnlrogens  which  hare  been  not  yet  studied.  All  the  ciirbuii  of 
tM  eaat-iron  disappears  in  these  hydrogeuated  products,  and  the 
nddae  ia  composed  only  of  the  nlicic  acid  produced  by  tbc  silicium 
of  the  cast-iron,  if,  on  the  contrary,  a  gray  cast-iron  be  treated 
with  chlorohydric  acid,  the  gas  evolved  is  still  fetid,  as  the  carbon 
■bid)  was  in  intimate  combination  with  tlie  iron  is  converted  into 
E2  8 


114 


IROK. 


gMeons  or  liquid  carburets  «f  hy<lrof;eD,  but  the  isolated  cki-^on 
which  existed  in  it  in  the  fitate  of  gmphite  remains  intact  with  tho 
silicic  acid.  The  residue  is  collected  on  a  Bmall  filter,  and,  after 
being  Tell  washed,  is  dried.  Some  ether  is  then  poured  orer  the 
filter,  to  dissolre  any  oil  vrhioh  cnay  remain,  after  vbicb  it  Is  ftgaiii 
dried  at  a  temperature  above  212  ,  and  tlie  residue  weighed  ;  the 
woight  of  the  crnphite  and  silicic  acid  united  is  thus  obtained. 
The  itubstiiitcc  IS  heated  in  a  platinum  capsule  in  the  open  air,  or 
better  Blill,  in  a  current  of  oxjecn,  by  wnicb  tho  graphite  bums, 
and  Icavca  us  a  residue  only  Bilicic  acid,  which  can  lie  determined 
by  weight.  By  subtracting  from  the  whole  weight  of  the  carbon 
obtained  by  the  conibustioD  of  the  caat-iron  the  weight  of  graphito 
first  obtainotl,  tins  Height  of  the  combined  carbon  is  ascertained. 

Dctenninalion  of  SiUcium, 

S  863.  The  silicium  of  cast-iron  is  determined  by  dissolving  the 
latter  in  chlorohydric  acid,  which  converta  tho  silicium  into  gelati- 
nous silicic  acid.  The  liquid  is  evaporated  to  dryness  to  render 
the  silex  insoluble,  then  treated  with  water,  and  the  residue 
ooUeoted  on  a  filter.  The  silex  is  weighed,  after  having  been  cal- 
cined at  a  dull  red-heat,  and  the  weight  of  the  silicium  is  deduced 
from  it. 

Caat-iroQ  frequently  contains  particles  of  slag,  so  that  the  rciidne 
is  composed  not  only  of  tho  silicic  acid  furniehcd  by  the  silicium 
of  tho  caat-iron,  bat  also  that  of  the  slag,  which  way  have  been 
more  or  less  altered  by  the  ehlorohydric  acid.  The  slag  of  char- 
coal rurnoccs  generally  resists  this  acid,  whilo  that  of  coke  furnaces 
is  more  or  leas  cumpkitely  acted  on  by  it,  IJy  treating  powdered 
cast-iron  with  weak  chlorohy«Iric  acirl,  the  iron  mtij  be  entirely 
dissolved,  without  sensibly  affecting  the  slag,  whilo  the  residue 
consists  of  gelatinous  silcx  and  slag,  and  is  treated  by  a  solution 
of  caustic  potasBs,  which  dissolves  the  silex  and  leaves  the  slag. 
Tbo  silicic  acid  which  has  been  furnished  by  the  silicium  of  tho 
CBAUiroR  can  thus  bo  exactly  ascertained. 

DcterTixination  of  Sulphur,  ^^ 

(864.  The  cast-iron  is  acted  on  by  aqua  regia,  which  diseolvea 
die  iron  as  perchloride,  and  converts  the  sulphur  into  sulphuric 
acid.  The  liquid  is  diluted  with  water,  and  the  sulphuric  acid  pre- 
cipitated by  chloride  of  barium  as  sulphate  of  baryta,  from  -which 
the  weight  of  the  sulphur  in  the  cast-iron  may  be  deduced. 

Ditcrminatien  of  Phogphorua. 

{865.  The  cast-iron  is  acted  on  by  aqua  regia,  evaporated  to  dry- 
lUW  to  drive  off  the  excess  of  acid,  and  then  treated  with  water.  Tho 
liquid,  containing  phosphorus  in  the  state  of  phosphorio  acid,  is 
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tb«ii  allowed  to  digest  nt  a  tempersture  of  about  21 2'^,  for  s«re 
honri,  with  an  excem  of  salf  hydraio  of  potawium,  which  prccipitatewl 
iroQ  nod  naDgaaese  io  the  stale  of  aulphidcs.     Af^r  mpmradag* 
thcce  by  6lm.tion,  the  lir^nid  contains  phosphoric  acid  and  alkalin« 
snlphides,  which  are  decomposed  bj  a  alight  excess  of  chlorobj-j 
dric  acid,  after  which  the  liquid  ia  boiled  to  drivo  off  the  sulfh^drie  { 
■cid.     One  decicramme  of  piaoo-forte  wire  is  then  weighed  very, 
exactly,  disDoWeci  in  Kqaa  regia,  and  added  to  the  Holution  of  per- 
chloride  of  iron  obtiviued.     An  cxceu  of  ainuioiiia  poured  into  the 
liquid  then   complelely  procipilatos  the  iron   added  in  the  stat« 
of  hydrated  t«»|)iuoxidc,  and  carries  with  it  all  tbo  phosphoric  acid  i 
which  existed  in  the  liquid,  precipitated  as  a  basic  perphospbate 
ofiroit.     This  precipitate  is  weighed  after  calcination  in  the  air ; 
and  if  from  ic  d.l4->  gm.,  the  weight  of  the  sesquioxide  of  iron 
yielded  by  0.100  gm.  of  raemllic  iron,  are  gublracicd,  the  weight 
of  the  phoaphoric  acid,  whence  that  of  the  phosphorous  ia  tho  casti>< 
iron  may  be  deduced,  ia  obtained. 

the  same  dciermtnatioD  may  be  made  in  the  following  manner: — 
After  having  dissolved  the  cast-iron  in  chlorohydric  ncid,  iho  liquid 
is  filtered  and  an  exoees  of  aceUite  of  soda  added,  the  acetic  acid 
of  which  is  set  free  and  chloride  of  sodium  is  formed,  ffow,  as 
aesqnioxidc  of  iron  forms  vriih  pliospboric-  acid  u  phosphate  Fo,0, 
PIiOj  iDsolnblQ  in  ncolic  ncid,  tno  phosphoric  acid  combiuos  with 
the  proper  quantity  of  scsqnioxtda  of  iron  to  form  ibis  phosphate, 
which  is  precipitated,  collected  ou  a  filter,  washed  with  boiling 
water,  and  weighed  after  calcination.  The  precipitate  may  also 
be  redisaoWed  in  chlorohydric  acid,  the  liquid  boiled  with  sulphite 
of  soda  to  bring  the  porcbloride  of  iron  to  the  state  of  protochto- 
ride,  and  the  standard  solution  of  permaoganate  of  potassa  poared 
ia  lo  determine  the  quantity  of  iron  it  contune,  The  weight  of 
phosphoric  acid  is  thence  cosily  deduced,  and,  conaoquently,  that 
of  the  phoephortu  coutaiaod  iu  the  cast-iron. 

Determinatitnt  of  ManganeiK. 
%  866.  The  manganese  contained  in  cast-iron  is  easily  ascertained 
by  th«  processes  deaoribad  $  &03. 


AA'ALTSIS  f)r  8LAQS  AND  FtTBNACB  8C0Rt£. 

{867.  Slag  is  composed  obiofly  of  lilicates  of  alumina  and  lime, 
but  often  couiains,  in  addition,  small  qua.ntitica  of  the  stlicatee  of 
ir»n  and  manganese.  The  various  scoriic  arising  from  the  refining 
of  cast-iron  are  composed  of  eilicatea  of  iron  and  manganese,  but 
may  also  contsin  amoll  qaantitieg  of  silicates  of  alumina,  lime,  and 
potaaaa,  arising  from  the  aHbos  of  the  fuel  used.  Forge  scoriie  are 
readily  acted  on  by  concentrated  chlorohydric  acid,  by  which  the  ma- 
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jorit7  of  slogs  is,  bowerer,  not  sttackcd.  Those  prodacU  are  Ana- 
lyzed hy  the  proceases  cleHcribed  in  tbu  analysis  of  gtsKii  {§  704), 
esc«pt  tiiat,  ID  tho  ca^e  of  forge  eaoria},  it  is  u8«!eds  to  employ  car- 
boD&te  of  soda  and  fluobydric  acid,  as  tbc  substance  is  acted  on 
immediately  by  chlorobydric  acid. 

BEMAKKS  ON  THK  COMPOSITION  OF  IRON.  STEEL.  AND  CASMltOW. 

§  868.  By  the  hardnt:*!!  of  urought-lron  li  understood  the  resisi- 
anco  it  presents  when  6Ied,  cut,  bored,  or  struck  trith  a  hammer 
vliile  it  18  cold,  which  properties  vary  greatly  in  the  different  kindn 
of  iron  manufactured  in  different  furnaces.  Iron  which  vben  cold 
readily  takes  the  impression  of  the  hammer,  ia  commonly  fiexible 
and  tough,  hut,  although  of  an  excellent  quality,  cannot  be  uniTcr- 
sally  applied, — thatvhicbis,  at  the  same  time,  hardajid  tough  being 
preferred.  The  best  iron  is  that  which  is  very  hanl,  without  being 
brittle,  tbat  is,  without  breaking  easily  under  the  hammer. 

Iron  which  breaks  or  splits  easily  when  heated  is  said  to  be 
thorti  a  defect  which  is  produced  by  a  small  quantity  of  sulpbur: 
^jf^  part  of  sulphar  will  make  iron  slightly  short. 

When  iron  contninsC.'Jper  cent,  of  pho9phorti§,  it  is  brittle  when 
C«ld,  while  a  smuUcr  quantity  only  ronders  the  metal  harder,  still 
giving  iron  uf  good  quality. 

WrouglU-iron  may  contain  0.25  per  oent.  of  carbon,  withoat  pos- 
■esaiog  tiie  property  of  remarkably  hardening  by  tempering,  which 
ig  T«g^ed  aa  characteristic  of  steel  (§  S57).  When  the  earboQ  rises 
to  0.dO  per  cent,  the  metal  becomes  too  steely,  and  strikes  fire  with 
a  flint  after  tempering.  The  quantity  of  carbon  which  renders  iron 
steely,  varies  with  the  purity  of  the  metal ;  for  very  pure  iron,  for 
CxajDplc,  a  larger  proportion  than  for  that  containing  smaller  quan- 
tititifl  of  sulphur  and  phosphorus  is  required. 

Steel,  refined  by  fagoting,  and  which  is,  at  the  samo  time,  suffi- 
ciently hard  and  tough  for  cutting  instruments,  oontains  from  1.0 
to  l.G  per  cent,  of  carbon.  When  the  proportion  of  the  latter  is 
greater,  the  steel  becomes  harder,  hut  loses  in  toughness  and  par- 
tieatorly  in  the  property  of  being  welded.  Steel  containing  1.75 
per  cent,  of  carbon  cannot  be  welded  at  any  temperature. 

When  iron  is  combined  with  2  per  cent,  of  carbon,  it  cannot  be 
forged  under  the  bummer.  This  property  may  be  regarded  as  dia> 
tinguishing  steel  from  cast-iron,  the  compounds  of  iron  with  a 
greater  proportion  of  carbon  tboa  l.U,  oonsoquontly,  being  no 
longer  steel,  but  cast-irou. 

Cast-steel  which  contains  from  1.9  to  S  per  cent,  of  carbon, 
cannot  be  forged,  but  it  never  parts  with  its  graphite,  even  by 
very  slow  cooling.  Graphite  sopuratos  by  slow  cooling,  only  when 
the  iron  is  combmed  with  at  least  2.5  per  cent,  of  carbon. 
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The  propertieB  of  caat-iron  do  not  depend  bo  mach  on  the  vliole 
quantity  of  carbon  contained,  as  on  that  with  which  it  is  intimatelr 
combined.  Grar  caat-iron  moat  frequently  containa  only  2  or  2.5 
per  cent  of  combined  carbon,  the  rest  of  this  anbatance  being  acat- 
tered  through  it  in  the  form  of  graphitoos  spangleB.  Crraj  cast- 
iron  requires  a  higher  temperature  for  fusion  than  white  caat-iron, 
and  passes  almost  suddenly  from  the  liqoid  to  the  solid  state,  while 
wliite  iron  passes  through  an  intermediate  doughy  state ;  on  which 
Mconnt,  probably,  white  caat-iron  is  more  easily  refined  than'graT 
iron  containing  the  same  quantity  of  carbon.  Therefore,  it  u 
always  endeavoured  to  obtain  white  cast-iron  for  refining,  when 
the  pori^  of  the  ore  and  the  fuel  will  allow  it ;  for  we  have  already 
aud  ($  826)  that  with  impure  ores  and  fuels,  the  temperature  of  a 
blast  (omace  producing  gray  cast-iron  must  be  greatly  elevated, 
nnleas  the  gray  iron  be  auddenly  cooled  on  leaving  the  furnace. 

Qray  cast-iron  is  converted  into  white  cast  iron  by  sudden  oool- 
ing,  while  the  white  passes  into  ^e  gray  state  at  a  higher  ton- 
perature,  and  by  slow  cooling. 


§  869.  Cliromium*  ia  obtained  combined  willi  a  certain  quantity 
of  Carbon,  by  heating,  in  a  "brMqacd"  crucible,  an  intiinato  mix- 
ture of  Besquioxide  of  cliromium  and  15  or  20  per  cent,  of  carbon 
IQ  a  forge-fire,  when  the  carburctted  metal  remains  in  tlifl  form  of 
a  porous  lump,  as  the  heat  was  not  sufficient  to  fuse  it.  This 
metallic  mans  is  finely  powdered  in  a  stcol  mortar,  intiniatoly  mixed 
irith  a  four  Imndrcdtba  of  the  green  oxide  of  chromium,  and  the 
mixture  heaped  m  a  porcelain  crucible  accurately  covered  by  its 
lid,  vhicb  is  then  placed  in  a  second  earthen  crucible,  likcvinse 
"  bruHqueil,"  and  heated  to  the  highest  temperature  of  a  forgo-fire. 
The  carbon  of  the  carburettod  chromium  is  burned  by  the  oxygen 
of  the  oxide,  and  a  purer  metal  is  obtained,  in  tho  form  of  a  gray 
agglutinated  maes.  This  metal  ia  brittle,  but  may  bo  polifihed, 
and  then  displays  a  brilUant  taetallic  lustre.  It  is  very  hard  and 
ficratchcs  glu&a  readily,  and  its  specific  gravity  is  about  ti.O.  It 
does  not  oxidixe  in  dry  air  at  the  ordinary  temperature,  but  com- 
bines rapidly  with  oxygen  when  Leated  to  u  dull  red-heat.  It 
dissolve))  in  chlorohydric  and  dilute  sulphuric  a.cid  with  evolution 
of  hydrogen  gas, 

Pure  metallic  cbromium  is  obtained,  in  the  form  of  a  dark>gray 
powder,  by  decomposing  the  violet  scsquichloridc  of  chromium  by 
potassium.  The  pulverulent  metal  has  so  powerful  an  affinity  for 
oxygen,  that  it  ignites  before  it  readies  a  dull  red-hoat,  and  it 
converted  into  green  oiidc  of  chromium  vrhen  heated  in  contact 
with  the  air. 


COMPOUNDS  OF  CHROMIUM  WITH  OSTOEN. 

$870.  Chromium  forms  many  compounds  with  oxygon: 

1.  The  protoxide  CrO,  iaomorphoua  with  protoxide  of  iron  FeO. 

2.  Tha  sesquioxide  Cr,0,,  isomorphoos  with  alumina  and  aes- 
quioxide  of  iron  Fc.O,. 

3.  An  oxide  Cr,0^  intermediate  betwo«n  tli«  first  two,  and  cor- 
responding to  m^netic  oxide  of  iron  FoO^c.O,;  8o  that  iu 
formula  should  be  written  CrO,Cr,0,. 

4.  Chromic  acid  CrO„  corresponding  to  ferric  acid  FeO^  and 
manganic  acid  MnO^ 

5.  An  iatermedifttc  oiido  CrO^  vhich  should,  howerer,  nth«r 


*  Kicovered  in  1T9T  bj  Taii<;t°olin. 
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fc«  coDsitlered  na  a  combinacioa  of  ohromio  acid  with  protoiidc  of 
chromium:  CrO,CrO,. 

6.  Lastly,  a  perchrotnio  acid  Ct,0„  corregpondiiig  to  permBngaoio j 
aeid  Mn.O,. 

Protaxide  of  Chromium,  CrO. 

$  871.  iVoloxido  of  chrome  is  obtained  bj-  nddiug  caustic  potaau  j 
to  s  solution  of  protochloride  of  chromituu,  whua  a,  dtfcp  brownj 
precipitate  of  hjaratcd  protoxide  is  formed-  But  this  substance 
DBS  so  great  an  affinity  for  oxygen  tliat  U  decomposes  water  a«i 
soon  as  it  is  set  frM,  disoQgagtng  hydrogen,  and  being  converted'j 
into  a  tobacco-coloured  powder,  whicli  is  tbe  bydrato  of  a  definitt  i 
oride  Cr,0,,  corresponding  to  maguetic  oxide  of  iron,  and  which , 
shotild  consequently  assume  the  fonunla  CrO.Cr.O,.  The  trai 
formation  takes  place  very  rapidly,  at  the  tcmporatiiro  of  boilh^ , 
mtar.  The  bytlrate  of  tfic  o.-(ide  of  cliromo  CrO,Cr,0„  heated  in^ 
B  closed  lube,  is  conrertcd  into  the  green  oxide  Cr,Ou  with  ih«^ 
erolatioD  of  hydrogen  gas. 

The  composition  of  protoxide  of  chrome  has  nerer  been  directlj>1 
ascertained,  but  has  been  inferred  from  the  analyatj  of  protochlo-j 
ride  of  chrome.    This  oxldo  contains 

1  cq.  chromium 26.7  or  838.7 78.53 

1  "   oxygen 8.0       lOQ.O ..21.47 

1  "   protoxide 34.0       438.7 lOO.OO 

Stt^wxidc  of  Chromium  Cr.O,. 

Sc&qnioxido  of  chromium  is  prepared  iu  several  ways  : 
iy  heating  protocliromate  of   mercury  Hg,0,CrO, ;    wheal 
oxygen  is  disengaged,  the    mercury  distils,  and  Res(^uioxide  off 
chrome  remains  in  tbe  form  of  a  dcep-grcon  powder; 

2(Hg.O,CrOJ=Cr.O.+4Hg+50. 

2.  By  heating  in  a  crucible  a.  mixture  of 
1  part  of  biebromate  of  potassa, 
1)  '*        sal  ammoniaOf 
1     "         carbonate  of  potassa, 

rben  chloride  of  potassium  and  oxide  of  chrome  are  formed,  while] 
the  oxygen  given  off  by  the  chromie  acid  combines  with  the  hy- 
drogen of  the  ammonia : 

KO,2CrO.+KO,CO,+2fNn,.nCl)  =  2KC1  +  Cr.O.+SnO+N-f- 

By  treating  the  substance  with  water,  the  ehloride  of  potassium  is 
distolved,  leaving  the  seaquiozide  of  chrome  in  a  state  of  purity. 

3.  By  besting  at  a  saitable  temperature,  in  on  earthen  crucible 
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or  ia  ■  retort,  2  ptirta  of  bicbromato  of  potaasa,  and  1  port  of 
snlpbur;  wlien  the  sutpliur  forms,  nitli  the  oxygen  gireD  off  bj  tbo 
|:;^roinio  acid,  ealpliunc  acid,  vrhtcli  combines  with  the  potasea : 

KO,2CrO,+S=.Cr,0,+  KO,SO,. 

■a  exOHB  of  suIphuF  is  neccBBary,  na  a  portion  of  ttiia  snb 
ia  Tolatiliccd  without  rencting  on  tho  chromntf^.     Uy  tre&t 
ing  it  with  water,  the  oside  of  chrome  often  r«mainB  mixed  with  » 
small  quantity  of  sulphur,  which  ma;  be  expelled  as  sulphurous 
acid  by  heatini;  it  id  oontact  with  the  air. 

4.  By  cftlciniDg  bichromate  of  potasaa  in  a  "hrasqaed"  crucible, 
^  whon  carbonate  of  potassa,  which  ia  removed  hy  water,  and  sesi^ai- 

iuud<i  of  chrome  are  fanned: 

2(KO,2CrO,)+3C=2(KO,CO,)+CO,+2Cr,0^ 

5.  By  heating  bichromate  of  potaasa  to  a  high  vbitc-beat,  when 
half  of  tho  chromic  acid  i»  decomposed  into  eesquioxide  of  chromo 
uad  oxygen,  and  u  ncutrut  cliromatu  of  potoasa  is  formed,  which 
IB  removed  by  water : 

2(KO,2CrO.)=Cr,0,+80+2(KO,CrO.). 

Iti  thia  case  the  8c6<^uioxido  of  chrome  assumes  the  form  of  crys- 
talline lamcllie. 

IJ.  By  heating  ehromate  of  potassa  to  a  red-heat,  in  a  current 
of  chlorine,  when  chloride  of  potassium  is  formed,  and  tho  chromic 
acid  ia  docompoBod  into  seaquioxide  of  chrome  and  oxygon : 
2(KO,CrO,)+2Cl=2ECl+Cr.O,+SO. 

Seaquioxide  of  chrome,  thus  prepared,  appears  in  the  form  of 
green  crystalline  lamuUic, 

?■  Ladtiy,  sesquioxiiJo  of  chrome  is  obtained,  jn  the  form  of 
small  rhombohedral  crystals,  iaomorphous  with  native  crvstallizod 
slumina  or  corundum,  by  passing  through  a  heated  tubo  a  red 
Tolatile  liquid  of  the  formula  CrO.Clf  vhich  we  sh&U  describe 
UftdcT  the  name  of  ckUrochromio  acta. 

2CrO,Cl=Cr,0,+2Cl-f-0. 

The  crystals  which  are  deposited  on  the  sides  of  the  lube  arc 
often  1  or  2  millimetres  in  sue,  very  brilhaat,  and  of  so  deep  n 
green  colour  as  to  appear  black.  They  are  as  hard  as  corundum 
and  readily  scrntch  Rlajj.    Their  specitic  gravity  is  5.21. 

Seaquioxide  of  chrome  cannot  be  decomposed  by  heat.  Uydrogen 
even  does  not  reduce  it  at  the  highest  temperature  of  our  labora- 
tory furnaces;  but  charcoal  decomposes  it  in  a  forge-fire,  when  it 
is  intimately  mixed  with  the  oxide.  Vapour  of  eulphur  does  not 
act  on  it  at  a  white-heat,  while  sulphide  of  carbon  dRcompofies  it 
at  this  temperature,  and  converts  it  into  sulphide  of  chromium. 

Seaquioxide  of  chrome  imparts  a  green  colour  to  fluxes,  and  we 
have  already  sceo  that  this  oxide  ia  used  for  painting  on  glaos  uud 
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porcelain.  A  red  colour,  caJIed  pint'cchnrf  w  kUo  prepared  with 
chrome,  and  was  first  nned  on  poroclnio  by  the  EoKlish.  It  is 
obtaioed  bj  heating  to  redness  art  intimate  mixture  of  100  parts 
of  stannic  acid,  S4  of  chalk,  and  8  or  4  of  chromate  of  potaaea, 
and  then  treating  the  powdered  matenal  nich  chlorohydric  acid 
until  it  has  acquired  abeaatifnl  rosy  tinco.  The  colouring  prin- 
ciplo  of  this  eubetancc  is  probnblj  an  oxiuo  of  chrome  superior  to 
the  sesqutoxifie. 

Strongljr  calcined,  it  combinofl  with  the  acidii,  even  when  they 
are  coneenirawd.  only  with  great  difBcnIty ;  the  hydrate  must 
therefore  he  dissolved  when  salts  of  the  oxide  are  to  he  prrpared. 

In  order  to  prepare  the  hydrsted  sesqnioxiile  of  chrome,  a  solii- 
tioD  of  the  scsquichlorido  u  precipitated  by  ammonia,  when  a 
gelatinous  bloish-gray  precipitate  is  formed,  which  must  be  washed 
with  boiling  water.  The  sesquichloride  of  chrome  used  la  this 
preparation  is  obtained  by  decomposing  bichromate  of  potassa  by 
JphurouB  acid,  in  the  presence  of  an  excess  of  chlorohydric  acid. 
Po  effect  this  n,  current  of  nulphiiroua  acid  gns  ia  passed  through  a 
incentrsted  hot  solution  of  bichromate  of  potassa,  mixed  with 
bhlorohydric  acid,  when  the  liquid  Boon  changes  in  colour,  bo- 
[vominz  first  brown,  and  subsequently  assuming  a  beautiful  emerald 
[reen  hue.  The  reaction  is  terminated  when  the  liquid  atill  exhales 
.  ctroDg  smell  of  sulphnrous  acid,  after  having  boon  lefl  to  itself 
T  several  hours  in  u  woll-corked  bottle. 

Hydrated  sesquioxide  of  clirome  dissolves  roadily  in  atnds. 
[odcmtely  hcatc<I,  it  loses  its  water,  still  preserving  the  property 
"easily  combining  with  acida;  but  if  the  temperature  be  further 
lerated,  the  substanco  suddenly  becomes  incandescent  before 
Baching  a  red-heat,  and,  after  incandesoence,  the  oxide  is  nearly 
[insoluble  in  acids. 

}  873.  Sestjuioxide  of  chrome  can  combine  vrilli  powerful  bases, 

one  of  these  compounds,  found  in  nature,  sci'tuircs  grvitt  im- 

rportance  from  being  the  ordinary  chrome  ore.     It  consists  of  ses* 

loioxide  of  chrome  and  protoxide  of  iron,  combined  according  to 

le  formula  FeO,Cr,0,:  in  mineralogy,  it  is  called  chromaU  of 

It,  or  ehrtmic  iron.     Chromic  iron  nas  sometimes  been  found 

rKalUied  m  regtilar  octahedrons,  presenting,  therefore,  the  same 

as  magnetic  oride  of  iron  FeO.Fe.O,,  nud  spinoU  MgO,Al,0„ 

Ich    Lave   similar    formula;.      Most   fre4ucntly,  chromic  iron 

prms  considerable  masses,  of  a  deep  gray  colour  and  a  creasy 

lostre;  and  its  bearings  resemble  those  of  magnetic  oxide  of  iron. 

The  principal  mines  of  chromic  iron  are  in  Sweden,  the  Ural, 

and  near  Baltimore  io  the  United  States.*     it  has  been  found  in 


•  Tka  iniHt  cxicosif*  kod  imporlfiiit  locality  by  (ar.  is  tlint  uf  Li>n«uioT  and 
CkMlcr  eouotiCB,  I'dut^Waiiii,  whtclk  now  luppIlM  both  Ihu  Cnilod  Blntss  and 
ttaMrpB-  A  conriderthle  put  of  tlic  ore  la  noK  obUiBad  \iy  limply  Kaehi&g  llio 
Mm4*  vf  bnola.^  W.  L.  F. 
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FriDce,  in  the  depu-tmeot  of  Vsr,  bat  tlie  mine  appears  nearl/j 
«xbaaated. 

Chromic  Acid  CrO,. 

§  874.  Id  order  to  prepare  diromic  acid,  one  and  a  li&lf  timt 
its  volaroe  of  sulpburic  &cid  ia  a.diicd  gradually  a-nd  ia  smiill  quaa"! 
titieii  to  a  Holution  of  bicliromate  of  potssan,  [*:iturated  at  a  ter 
perature  of  from  130°  to  140^,  vheD   bisulphate  of  potafis& 
formed,  vhicli  remains  in  solution,  and  the  liquid  deposits  on  cool 
ing  long  red  needles  of  chromic  acid.    When  the  solution  ia  cooU 
and  the  add  liquid  decanted  off,  the  crystals  are  allowed  to  dra 
in  a  funnel  stopped  with  aabestuB,  and  are  then  spread  upon  nn-1 
burnt  porcelain,  which  nhsorbs  the  remaining  water.     In  order  ttfi 
purify  thetn,  tlieir  a(|ueouH  Eolutiou  lii  treated  with  a  small  quuntiti 
of  chromatc  of  barjtn,  which  combines  with  the  eulpburic  ocifl 
and  the  filtered  liquid  is  evaporated  in  vacuo. 

Chromic  acid  ie  of  a  beautiful  red  colour  at  the  ordiaarj  tei 
peraturo,  but  becomes  almost  black  when  heated.  It  decomposeaj 
before  attainioj;  a  red-heat  into  eesquioxlde  of  chrome  and  oxyg«D,J 
and  is  deliqueticent  and  very  soluble,  with  an  orange-yellow  colour. 

Chromic  acid  is  a  very  powerful  oxidizing  agent :  a  few  droj 
of  absolute  alcohol  thrown  on  it,  instantly  convert  it  into  .sesqui*? 
oxide,  with  lio  great  an  evolution  of  heat  that  the  alcohol  some- 
times ignites.  Hot  concentrated  sulphuric  acid  decomposes 
chromic  acid,  disengaging  oxygctt  and  forming  ecsqnisulphate  of 
chrome.  Oxygen  ia  sometimes  prepared  in  the  laboratory  by- 
heating  together  equal  weights  of  bichromate  of  potassa  and  con- 
centrated sulphuric  acid.  Chlorofaydric  acid  converts  chromic 
acid  into  scsquichloride  of  chrome,  with  disengagement  of 
rioe: 

2CrO,-f6Ha=Cr.CI.+6HO+8Cl. 

S  STo.  Chromic  acitl  appears  to  be  able  to  combine  in  several 
proportions  with  Bcsquioxide  of  chromium.  If  a  solution  of  bichro- 
mate of  potaasa  be  treated  with  sulphurous  acid  until  it  aesumeB  a 
brown  colour,  and  at  that  moment  ammonia  be  added  to  the  liquid, 
an  ochrcous  precipitate  t3  obtained,  which  hot  water,  after  some 
time,  deonmpQses  into  chromic  acid  which  di.<«»oh'ea,  and  hydrat«d 
Beequioxide  of  chrome  which  remains.  A  similar  compound  ia 
obtained  by  decomposing  nitrate  of  chrome  by  a  saitable  degree 
of  heat,  when  a  brown  spongy  mass  remains,  of  which  the  compo- 
sition is  represented  by  CrOa  but  to  which  the  formula  Cr,0^j 
CrOj  has  been  assigned. 

Perehromie  Aeid. 
S  876.    By  treating  chromic  acid  with  oxygenated  water,  a 
beautiful  blue  solution  is  obtained,  which,  when  shaken  with  ether, 
loses  its  colour,  and  imparts  the    blue  compound  to  the  ether,  i 
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iliia  oompoBnd,  which  is  not  very  stable,  has  not  yet  bMn  ob- 
toined  in  an  isolated  Ktatc,  nor  has  it  been  combined  with  tbe 
tninoral  bases.     Its  formula  is  supposed  to  bo  Cr,0,. 

SALTS  FORMED  flV  PROTOXIDE  OF  CHROME. 

$  877.  Protoxide  of  chrome  CrO  is  a  powerful  baas,  bnt  nover- 
tbelest  bu  Won  combiiKKl  v'nh  only  a  small  number  of  acids,  on 
aocoDDt  of  the  diflicuUy  of  obtuining  it  pure,  and  the  ready  bus- 
oeptibility  of  cbango  of  ttto  salts  themselves,  which  rapidly  aoeorb- 
ing  the  oxygt-n  of  the  air,  arc  converted  into  ecMjalsalts.  Tho 
acetate  and  the  double  sulphate  of  protoxide  of  chrome  and  potaaga 
ooly  are  known;  bnt  in  order  to  ascertain  the  dJstinctire  charac> 
ters  of  the  protosalls  of  chrome,  llie  protuchlnriJo  must  be  resort- 
ed to.  These  compounda  arc  known  iy  the  following  reactions  : — : 
Canatio  pocassa  at  first  alfurds  &  deep  brown  precipitate  of  by- 
dnted  protoxide,  bat  which  is  immediately  changed  into  a  clear 
broira  bydrated  magnetic  oxido,  with  the  evolution  of  hydrogen 
gas.  Sulfhydric  acid  docs  not  precipitate  them,  while  sulfbydratea 
jietd  a  black  precipitate.  Bichloride  of  mercury  givea  a  white 
ptettl^tateof  protochloridoofmcrcory.  Lastly,  oxidizing  rcaf^ents, 
raefa  at  chlorine,  nitric  acid,  etc.,  immediately  conrcrt  the  proto- 
•alts  of  chromium  into  seEqoiMlts. 


8ALT8  FORMED  Bl"  SESQUIOXIDS  OF  CHROUH. 

If  876.  Sesquioxidc  of  chrome  is  b  feeble  baac,  anulogoua  to  Bes- 
Ttnioxtdc  of  iron.  Tbe  salts  formed  by  this  cxido  may  exist  under 
two  different  modifications,  which  arc  diatinguiahcd  by  their  co- 
the  firet  being  violet,  while  tho  sceoad  is  greoo.  Several 
<  produce  both  modilicstians ;  hut  with  otbera  only  one  of  tha 
has  hitherto  been  obtained. 
A  green  and  a  violet  eatplialv  are  known.  Ammonia  forms  in 
the  ■olutions  of  these  two  salts  precipilatos  which  are  distinguished 
by  tbeur  ehades  of  colour;  the  prcclpitftto  of  the  green  enlphate 
nt^  bluish  gray,  and  producing  a  grceti  solution  with  sulphuric 
aod,  while  that  furnished  by  tho  violet  modification  is  of  a  greenish 
pay,  but  also  produces  a  grccu  solalion  when  treated  with  sul- 
ffeario  acid. 

I'otajua  and  soda  yield  bluish-gray  or  groenisb-gray  predpi- 
tatM,  which  distwlve  in  an  excess  of  alkali,  forming  a  green  liquid, 
wkieh  loses  its  colour  by  boiling,  as  the  hydratcd  oxido  is  again 
|RCtpiuted. 

Tbe  alkaline  carbonates  give  a  gTcvnisb  precipitate,  perceptibly 
nisble  in  an  excess  of  the  reagent. 

Sulfhydric  acid  does  not  precipitate  tho  seMoisalte  of  chrome, 

lot  the  sulfb^drates  precipitate  those  of  the  hyarated  sesquioxide. 

Tbe  »««nua»IiB  of  chrome  produce,  like  the  protosalta,  a  glaM 
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«f  a  ohftraftt«ratic  f^reen  colour  vihcn  fxa&i  vkh  boru.  Tuetd 
with  the  »!k«Iinc  carljonatos,  or  lietter  still,  with  the  nitrates,  they 
form  alkaline  chromates,  which  are  recoffniBe<i  bj  the  yellow  »oltt- 
liooB  they  produce,  and  by  their  great  colouring  power. 

SetquiaitraU  of  Chrome. 

g8T9.  Iljdrated  Bcsquioxide  oF  chrome  dlasolvcs  immediately 
in  nitric  acid,  furniahing  a  groon  Bolution  which  leaves,  after  evt- 
poration,  a  very  solablo  green  salt,  rendily  decomposable  by  heat. 
At  a  moderate  temperature,  it  jieldB  a  brown  eubslaace,  which  ia 
regarded  an  a  seaquichromato  of  oliromu  CrgO„CrOi. 


StajuitHlphate*  of  Chrome. 

5880.  The  neutral  aesqui sulphate  of  chrome  Cr,0„8S0,  has 
been  obtained  with  three  diflcrcnt  colours,  violet,  green,  and  red, 
which  appear  to  correspond  to  three  modificationa  of  the  salt. 

Thu  viokt  iwlphate  is  obtained,  by  leaving  for  eeTeral  weeks,  in 
a  badly-eorkcd  uottle,  8  parts  of  hydrated  sesquioxide  of  chrome, 
dried  at  212°,  and  8  or  10  parta  of  concentrated  ealphunc  acid. 
The  solution,  which  is  at  first  sreen,  gradually  becomes  blue,  and, 
after  eome  time,  a  grceniish-blue  cryetalline  mass  ia  depout«d. 
With  an  aqueous  solution  of  this  substance,  alcohol  gives  a  vlolet- 
blue  cryHtulliue  precipitate,  which,  after  having  been  dissolved  io 
very  weak  alcohol,  is  left  to  iWelf.  After  some  time,  the  liquid 
depoaite  emiall  regular  octohedrons  of  the  formula  Cr,0,,3S0,+ 

mio. 

The  green  tulphat«  is  prepared  by  diaaohTug  sesquioxide  of 
chrome,  nt  a  icmporature  of  120°  to  140°,  in  concentrated  sul- 

E boric  acid,  or  by  boiling  the  solution  of  the  violet  sulphate.  The 
quid,  when  rapidly  evaporated,  yields  a  green  cryatalliue  salt, 
having  the  enmc  composition  as  the  violet  salphatc.  The  green 
sulpbiLte  readily  disaolvea  in  alcohol  with  a  blue  colour,  while 
tbo  violet  sulphate  is  insoluble  in  it.  The  violet  and  gre«D  ml- 
ph&toa  are  also  distinguished  by  aoversl  chemical  reactioaa;  thus, 
the  cold  solution  of  the  green  sulphate  is  not  completely  decom- 
posed by  tlio  aulublu  salts  of  baryta,  and  the  dcoomposidoo  ia 
complete  oiity  when  the  liquid  is  boiled,  while  all  tho  sulphuric 
acid  of  the  VLolol  solution  may,  on  the  contrary,  bo  pracipitated 
when  cold  by  salts  of  baryta. 

If  the  violet  or  green  sulphate  bo  heated  to  a  temparatore  of 
892°,  with  an  excess  of  sulphuric  acid,  a  clear  yellow  mass  ia 
obtained,  which  leaves  as  a  residue  tho  reU  neutral  eulphatc  of 
chrome,  after  the  evaporation  of  the  excess  of  acid.  Thia  anhy- 
drous sulphate  is  insoluble  in  water,  and  dissolves  with  difficulty 
oven  in  acid  Uquids. 
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Chromic  Atumt. 

(881.  Sesquisolphate  of  cbrome  is  uomorpLoos  with  8alphst« 
r  alamiiu,  md  mtty  talce  tho  pUco  of  tbo  latter  in  ihe  alums,  The 
rTSUllixttble  chromic  alums  conlaiu  the  violet  modification  of 
■lpbAt«  of  chrome.  Three  of  those  aloms  are  baonn,  affording 
Bautifnl  crystals : 

Potaaaic  alum Cr,0.3SO,+KO,SO,+24nO. 

Sodio  alom Cr,0„3SO,+N(iO,SO,  +  24UO. 

Ammoniacal  alum Cr,0„330,+(N1I„110)SO,+24HO. 

Ptt^no-chromie  alum  is  prepared  \>j  heating  slightly  a  mixture 

'  bichromate  of  potassa  and  sulphuric  acid  dissolved  in  water,  with 

reducing;  eubatance,  such  as  su^r,  alcohol,  etc. ;  or  by  pawing  a 

irreot  of  sulphurous  acid  through  the  liquid.     The  solution  depo- 

by  spontaneous  evaporation,  or  even  on  cooling,  if  it  be  saffi- 

BBtly  concentrated,  large  regular  octahedrons,  like  those  ofordi- 

alnm,  of  a  deep  violet  red.     Thoy  dissolve  rcndily  in  water, 

itU  a  dirty  violet  colour,  but  are  insoluble  in  alcohol.     Heotcd  to 

f6%  the  solution  becomes  green,  and  deposits  by  oraporattoo  red 

jrstals  of  alum,  but  teeiveit  aa  a  residue  an  unorystauixcd  mass, 

tich  is  still  »  double  sulphate  of  potassa  and  ehrome,  but  wbieh 

longer  presents  any  of  the  cburactcre  of  potassa-chromio  alum. 

Fbe  solutions  of  the  green  sulphates  of  cbromium  give  the  same 

itm  product  when  they  are  evaporated  witb  sulphate  of  potaesa. 

canoMATKS. 

\  8B2.  Chromic  acid  combines  with  nearly  all  tho  bases,  forming 
ptb  the  alkalies  salta  which  crysCiillize  perfectly,  aud  are  isomor- 
lioos  with  tlio  correaponding  culphatcn.     TKe  chromatea  of  etron- 
D,  lime,  and  mngnesla  are  soluble,  while  the  other  metullio  chro- 
latea  are  insoluble,  or  nearly  eo. 
Chromic  acid  forms  with  the  alkalies  two  serieB  of  salts :  neutral 
bromatea  and  bichromates,  the  farmer  of  which  are  of  a  bright 
fellow  colour,  while  the  bichroFuatos  aro  orange-red.     Tho  soluble 
retaatcs  are  easily  distinguished  :  first,  by  their  colour,  which  is 
ecided,  even  in  very  dilute  iwluiions;  ami  also,  by  the  cha- 
ristio  coloara  of  the  precipitate  thpy  yield  with  various  metallic 
They  form  a  yellow  precipitate  wiih  the  Rait*  of  lead  and 
joth,  a  bright  red  one  with  those  of  mercury,  and  a  deep  red 
[ne  with  those  of  silver.     The  cbromatea,  heated  with  concen- 
trated chlorobydric  a«id,  ^ve  a  green  solution  of  sesquichloride 
ef  chrome. 

Chromata  of  Poituea. 

|883.  The  compounds  of  chroTuic  acid  with  pota.ssa  arc  the  most 
inportant  products  of  chrome,  as  large  qnanlitiea  of  them  are  used 
ID  dyeing  and  calico-priuting.    They  are  obtained  directly  from 
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chromc-orc,  that  Js,  from  chromic  iron.     The  chrome-ore,  which 
even  rhen  purified  by  waeliing  nlwajs  containa  a  cortain  quantitj 
of  quartJioBo  ntiH  aluminons  minerals,  ia  heated,  finely  powflered,  m 
a  roverberatory  furnace,  with  cnrbonats  af  potas.ia,  to  which  some 
nitrateofpotaasa  is  frequently  adied.tinil  the  material  is  constantljr 
stirred  to  facilitate  its  oxidation.     Chromate  of  potnssa,  liut  at  thc 
Bame  time,  a  certain  qiiantitv  of  eilicste  and  aluminatc  of  potaeai 
are  formeri,  tn  separate  which  the  roasted  substance  i»  treannl  wit 
water,  which  dissolves  the  soUihlo  alkaline  salts,  after  which  aoetifl 
acid  in  added  to  the  liquid  until  it  assumes  an  acid  roaetton,  whioh^ 
is  a  sign  that  the  neatral  ohromato  of  potasaa  ia  ceavcrtcd  into  a 
bichromate  and  that  the  silicic  acid  is  deposited.    The  bichromate, 
being  much  less  soluble  than  the  neutral  ealt,  ><  easily  separated 
by  crystal lieati on,  and  purified  by  recrystalllzatiua. 

Bichromate  of  polassa  forms  beautiful  red  crystals,  which  fusA 
without  change  before  attaoning  a  red-heat,  but  decompose  at  a 
higher  temperature  into  neutral  chromatc,  sesquioxido  of  chrome, 
&nd  oxygen  which  ia  given  oS*.  This  salt  contains  no  water  of 
crystalliiEalion,  and  is  soluMo  in  10  parts  of  cold  aad  la  a  mueb  le 
quantity  of  boiling  water. 

Neutral  ebroiuate  of  potassa  is  obtained  by  adding  chrotoale  o 
potassa  to  a  solution  of  the  bichromate  until  the  Utter  asaumcs 
clear  yellow  colour,  and  evaporating  the  liquid,  when  yellow  aohy-* 
drous  crystals  are  obtained,  presenting  exactly  the  same  form  aa 
sulphate  of  potassa.  The  neutral  chromate  is  very  soluble,  as  cold 
water  dissolves  more  than  double  its  weight  of  it,  and  hot  water 
still  more.  The  solution  of  the  neutral  chromate  of  potassa  turns 
the  red  tincture  of  litmus  blue. 

The  neutral  chromate  of  soda  is  very  soluble  in  water,  and,  during 
cooling  from  a  hot  saturated  solution,  forma  crystals  corresponding 
to  l^e  formula  NaO,CrO,+10HO,  and  is  isomorphous  with  sul- 
phate of  soda  NaO,SO,+10UO. 

Bichromate  ofChhridf.  of  Potastiumy  or  Chlorochromate of  Potaua, 

%  884.  If  a  solution  of  bichromate  of  putas»a  be  boiltd  with  chlo- 
rohydric  acid  until  chlorine  begins  to  bo  evolved,  a  brown  liquid 
is  obtained,  which  on  cooling  uopoaita  beautiful  orange-coloured 
crrstals  of  a  salt  which  may  be  regarded  aa  a  bichromate  of  chlo- 
riac  of  potassium  KCI,2CrO..  This  substance  may  also  be  con- 
sidered AS  a  bichromate  of  potassa,  in  which  one  of  the  equivalents 
of  chromic  acid  is  replaced  by  1  cquir.  of  chlorochrooiic  acid, 
CrO.Cl;  but  then  its  formula  should  be  written,  KO(CrO,+  CrO,Cl.) 

Cfihrochromic  Acid. 

§  885.  A  oMoroohromic  aoid  CrO.Cl  may  be  obtained  isolated, 
by  fusing  in  an  earthen  crucible  10  parts  of  sea-salt  and  17  parts 
of  btchromatc  of  potasea.     The  liquid  matter  is  run  on  a  shect-iroa 
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j>lftte,  uid,  vhen  coo),  broken  into  frngmcnta,  vliich  are  iDtroduc«d 
into  a  glus  retort  with  30  puru  of  concentrated  tulphurie  sadJS 
Reaction  commences  immooiatcly,  a  gentle  heat  is  aubsequcntly^ 
applied,  and  a  blood-red  liquid  condenses  in  the  receiver,  wbich 
sboald  be  coolod  with  ice.  The  density  of  thie  liquid  is  1.71;  it 
boUa  at  248".  By  contact  with  water  it  is  decomposed  into  chromic 
andcblorohjdricnflidB:  CrO,Cl  +  lIO=CrO,+  UCl.  It  should  be 
kept  in  giaas  tubes  henneticallj  scaled. 

COlIPOtJND  OP  CHBOMnrw  WITH  Stn-PBOB. 
§  8S6.  If  sulphide  of  carbon  in  vapour  be  passed  thronj^h  a  hcat«4. , 
pOTcelatn  tube  contaiaiug  sesqaioxidc  of  chrome,  the  latter  ia  coa*< 
vcrt«<t  into  cr^stulliiio  spanglee  of  sutjiUide  of  chromium  Cr^^ 
•embling  native  grophiU). 

COMTOOU  OF  CHROMIUM  WITH  NITEOOEN. 

(887.  A  compound  of  chromium  with  nitrog<>n  ia  obtained  \n 
faeatine  Bcequichloride  of  chrome  in  a  current  of  dry  ammoniacu*^ 
gas.     This  wbawneo  then  prcwnt*  the  form  of  a  brown  powder, 
which  ia  unchangeable  m  the  atmosphere  at  the  ordinary  tempcrib" 
tnre,  bat  readily  ignites  and  is  oonverted  into  sesquioxide  when 
heated  ia  tlie  air. 

COMPOtTNDS  OF  CflROMIUM  WITH  CQLORIXi;. 

(888.  Chromium  forms  two  compomidti  with  chlorine:  a  proto- 
eUoride  CrCl,  corresponding  to  the  protoxide  CrO;  and  a  seaqai- 
diloride  Cr,Cl„  corresponding  to  the  sesquioxide  Cr,0^  and  capable 
of  ezi«ting  under  two  different  modifications. 

Prvtoekloride  of  fhrom^  CrCI  is  obtained  bypassing  hydfoi 
gaa  over  anhydrous  sesquichloride  bc&tcd  to  redness  in  a  poroelail 
tube.  Protochloride  of  chrome  is  white,  dissolres  in  wnler,  yield- 
ing a  blue  solution,  which  absorbs  rapidly  Ihc  oxygen  of  the  air,< 
thus  coDverting  the  protochloride  into  an  oxyclilorldo  Cr,C],0. 
The  Mluticn  of  protochloride  of  chrome  readily  absorbs  dcutoxidQ 
of  nitrogen,  like  the  protochloride  and  protosulphate  of  iron. 

$889.  AnhydrouB  tetquiehloruie  ff  chrami'  i»  prepared  by  heat-* 
mg  an  intimate  mixture  of  scsquioxide  of  chrome  and  charcoal  in- 
a  coTxent  of  dry  chlorine,  the  process  otherwise  exactly  resembling  ■ 
that  for  the  preparation  of  clloriJc  of  aluminum  {§(j04).     Th« 
•eaqoichloride  is  depoaited  in  the  anterior  part  of  the  tube,  in  th« 
form  of  small  spangles  of  a  pcnch-blossom  colour.      Anhy<lrou6< 
seaquietitoride  of  chrome  maybe  brouglit  in  contact  with  water  J 
witbont  being  dissolved  by  it  in  the  slightest  degree,  but  boilingr 
water  dissolves  it  after  some  time,  giving  a  green  solution.     If  a< 
veiT  mall  quantity  of  protochloride  of  chrome  CrCl  bo  added  to, 
com  water,  sesqatchloride  Immediiiilely  dis^otves  with  evolution  of 
beat,  and  yields  a  green  solution  identical  with  that  obtained  by 
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dissolving  bydrated  scsquiaxide  of  chrome  in  chlorotiTdrio  acid. 
The  BDialleet  quantity  of  protocbloridc  of  chrome, -j^  is  sufficient 
to  mvdace  this  reinBrkB.b)e  eJTect. 

By  diasolring  hjdratcd  seaqaioxido  of  chrome  in  chloi-ohydric 
aoid,  a  green  Botution  is  obtained,  wbich  yield?,  on  ovsporatjon,  a 
deliquescent  green  muss,  the  formula  of  wbicb,  vhen  eraporated 
in  dnr  air,  is  CrClj+PFIO.  IToatcd,  it  evolves  w«tcr  and  chloro- 
liydric  acid,  while  oxychloridea  remain.  Some  chetniala  regard 
this  body  &»  resulting  from  the  direct  combination  of  chlorohydric 
ftoid  with  sesquioxido  of  cbromiutn,  as  a  ehlorohydrate  of  aayui- 
«ride  ofchromt,  and  pive  it  tbe  formula  Cr,Oj.8HCH-CH0.  If 
the  hydrated  scsquichloride  be  heated  in  b  current  of  chlorohydric 
ftcid  gas,  it  only  loses  \ii  water,  and  is  converted  into  a  violet  anhy- 
droas  Rcsqniehloridc. 

By  pouring  chloride  of  barium  into  a  solution  of  violet  sulphate 
of  chrome,  sulphate  nf  baryta  is  precipitnted,  and  there  remains  in 
the  liquid  a  violet  ecsquichloride  of  chrome,  presenting  the  same 
compositioti  as  the  groen  sesquiebloride.  These  ttro  tnodiGcations 
arc  observed  in  soveral  chemical  reactions;  thus  nitrate  of  silver 
only  preiripit&teB  when  cold  J  of  the  chlorine  of  the  green  chloride, 
Irbilc  the  violet  Bcsquicbloridc  immediately  part4  with  the  whole 
of  it  at  the  boiling  point.  The  violet  chloride  is  rapidly  trans- 
formed into  tho  green  chloride. 

DBTEBMINATION  OF  CimOME:  AND  ITS  SEPARATION  PROM  THE 
METALS  I'RKVIOUaLY  STUDIED. 

%  890.  Chrome  is  always  determined  in  the  state  of  green  oxide. 
To  do  this,  the  chrome  is  converted  into  chloride  or  sulphato  of 
sesquioxide,  and  the  boiling  solution  is  precipitated  by  ammonb. 
The  gelatinous  precipitate  of  tho  hydrate  is  collected  on  a  filter, 
and,  after  being  well  washed,  \s  calcined  in  a  closed  platinum 
crucible.* 


*  A  iDitoU  man  exMt  metboJ  ih  4ti«  alholiniatrloiil  clot«TTniTiatli)ti  of  flkromo, 
vhich  depend*  on  tbe  **ino  jirtnoiplo  oa  lb  At  orperoildeof  mAngAiif>M,  d»Mrib«d 
in  ilie  lint*  to  JiGS.  Tb«  chrome  iniut  lirit  he  converted  into  ohromte  *oi<l,  nnle** 
it  be  Rlroncl^in  thst  Stat*,  liv  LTiuion  with  cnuntlc  jiutniun  luid  chliirntv  of  ni>la«s&. 
Clilorohydrio  acid  boihg  added  to  llieBolnilon  or  tho  citlnratv  rorined,  tbe  Ulter  is 
then  reduced  \>j  %  proivmit  of  Iruu  tLitrconllng  tu  Uje  formula, 
eP«0+2CrO , =3Fo,n,4.  Cr,0,. 

Kow.  if  *  oortnlii  quantity  of  i  prnloinlt  of  iron  hu  boon  ndded.  and  Ihs  •urpttu 
of  UiUbedDletmiiicU  liy  pcnnanKnnnlc  of  pota^Kik,  BROonlinic  ta  jMH.  the  quAittity 
of  obrumJo  aciij  or  otidc  mitylie  rouud  by  thokbuTo  fomalft )  utiix  cquiTdonia  of 
tbv  protoxide  uf  Irou  fuuiid  Ly  auLira«ting  tli«  quantity  iIolBrmliivil  ft'om  tl« 
irholo  iiuaatily  a<Med.  conttrond  exaatly  to  two  cq«iTd#nW  of  «br«in(a  acid,  or 
to  otit  of  Roaifuioiide  of  <lirome. 

Th«  {uvtoRalt  af  iron  cmpluyvil  is  tbs  pro toKUtj) bate  of  Irou  nnd  umiiiiiitiu,  of 
whi«h  a  itaBdard  golutinn  in  kept  fnr  thadvtonniniitinnof  pBrui.id«  of  niniigniiaNP- 

TlitiMtbodiof  <I«l«rmlninR  chronia  by  nl^t  bt«  inexact:  an  ■'■■nuioii'le  of 
chroni'e  caiuiDt  entirely  be  freed  fron  a  pait  of  tho  filed  alliall  used  tor  Iti  pre- 
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IVhen  chrome  ezisU  in  solution  as  chromic  «ci(],  nitrate  of  mer- 
cury u  added,  and  the  procipitate  of  chromute  of  tncrcurr  formed 
IS  CMcincd  in  a  platinum  cruciMc,  leavinjj  se&quioxide  of  chrome, 
which  is  weighed.  Chromic  acid  ma^,  alao,  be  converted  into  ses- 
qatohloridc  of  chrome,  b/  heating  the  liquid  with  chlorohydric  acid, 
1  ud  paning  ft  curront  of  sulphuroos  acid  gaa  through  it,  whca  oxido 
of  chrome  majr  ho  precipitated  by  ammonia. 

When  the  oxido  of  cbrome  exists  iu  the  state  of  a  salt  mixed 

with  alkaline  or  alkalino-carth;  eaits,  it  is  precipitated  when  hot 

"bj  caustic  ammonia,  which  onl;  precipitates  the  oxide  of  chrome, 

Mid  is  filtered  rapidly,  so  as  to  avoid,  oa  much  as  possible,  tlie  coo* 

tact  of  the  air,  in  order  that  the  carbonic  acid  of  the  air  may  not 

precipitate  the  aUcaliite  oartbs.     If  the  liquid  contains  manganese, 

•a  azamoniacnl  salt  muat  first  be  udded  in  sufficient  ([uantlt^r  to 

ItvovCDt  the  magnesia  from  being  precipitaitcd  hy  the  ammonia. 

f  !nM  oxides  of  chrome  and  the  ulkuUnc  earths  majr  aUo  be  prccipi- 

rtoted  hy  an  alkaline  carbonate,  but  the  mixture  must  then  be  fused 

I  in  •  platinoni  crucible  with  carbonate  of  aoda,  when  cbromate  of 

kaodft  is  formed  which  is  dissolved  in  water.     The  chrome  is  then 

limoipitatcd  bjr  the  processes  described. 

Onde  of  chrome  is  separated  from  alumina  bj  boiling  the  hj- 
dr<at«d  oxides  with  caustic  potassa,  which  dissolves  only  the  alumina. 
Oxide  of  cbrouie  is  gcpuruted  from  oxide  of  manganese  hy  addinc 
to  the  liquid  containing  the  two  oxides  a  quantity  of  ammoniaca) 
salt  sofficient  to  prevent  the  oxide  of  manganese  from  being  pre* 
cipitated  by  the  ammonia.  The  liquid  is  tlien  boiled,  and  au  ex- 
eeu  of  ammoaia  added,  which  completely  precipitates  the  oxide  of 
chrome.* 

In  order  to  separata  oxide  of  chrome  from  the  oxides  of  iron,  the 
•ubltaDce  must  be  heated  with  caustic  pctasaa  in  a  silver  crucible, 
when  chromate  of  potassa  is  formed,  which  is  dissolved  in  water, 
leaving  the  peroxide  of  iron  isolated. 


<  cipitation.  and  aamcmift  doM  ont  precipitate  it  perfecllj  ;  utiil  t^e  other  ntsUiod, 
jiMtt  aicali>oa«d  in  the  Ui-t.  ot  precipitating  chiomic  aciJ  by  aotUte  it  IvmI.  and 
Iwalslilnc  tbo  dmmtteof  lead  furmcd,baa  tirn  diattdvaatajcq  tliut  ohroiaat^oricaii 
I  b  But  Abfwlaltljr  inaaltiMe  i>  water. —  W.  L.  P. 

*  B7  far  the  b«M  >i«tk(Ki  ct  acpuating  (hrome  from  taniigaciciio  U  to  pnvcifi. 

tat«  the  fornrr  M  tMuutoxide  b^  carbonate  of  baryta,  wtdoh  leaiea  the  miiDgf 

Bt«a  in  Mlutioci. — IT.  t.  F. 
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COBALT. 

BOQlTAXmiTss  29.5  (860.0  i  0=100). 

S  691.  Pni-A  m«tAllic  cobalt*  is  obtained  by  redacing  its  oxides 
in  a  current  of-  bjdrocen  gas  ;  ttat  the  metal  is  then  in  the  form 
of  a  black  powder  whicli  ia  pyrophoric,  like  oxide  of  iron  under 
the  same  circum8tsnc«8:  il  becomes  incandescent  when  projected 
in  contact  with  th«  air.  Th«  metal  is  obtained  in  a  more  aggre- 
gated and  less  oxidisablc  form,  by  making  the  reduction  by  liyaro> 
s«n  at  a  higher  temperature,  in  a  porcelain  tube  heated  in  a  rever> 
beratory  furuace.  The  oxides  of  cobalt,  like  those  of  iron,  are 
6&aUy  reduced  by  ccmcntfttion  in  contact  with  charcoal.  If  oxido 
of  cobalt  k«  heaped  in  u  "brasqucd"  crucible,  and  heated  in  a 
forge-&re,  predsely  »s  in  the  nssay  of  iron,  a  fuflcd  metallic  lump 
of  carburcttL'd  cubalt  ia  obtained,  which  is  gray,  poaaeasing  a  lustre 
roBembling  that  of  ca&t'iron ;  bnt  it  has  bat  little  malleability,  and 
breaks  under  the  LAiniuer.  Pure  fused  metallic  cobalt  may  b« 
obtained  by  adopting  a  process  which  does  not  succeed  for  iron. 
Oxalate  of  cobalt  ia  neaped  in  a  porcelain  tube  closed  at  one  cnd^ 
so  aa  ti>  introduce  as  ;;rcat  a  ([unntity  bb  pcHtiible ;  and  tliia  tube, 
doted  with  a  lid,  is  placed  in  an  earthen  crucible,  and  the  whole  ia 
then  heated  In  a  strong  furge-fire,  after  the  interstices  hare  been 
filled  with  claif.  The  oxalate  of  cobalt  ia  decomposed  witJj  cTolu- 
tion  of  carbonic  acid,  according  to  the  reaction, 

CoO,C,0,=Co+2CO^ 

when  the  metallic  cobalt  alone  remains,  and,  if  the  temperature  bo 
sufficiently  high,  fuses  into  a  button.  The  cobalt  thus  obtained  is 
of  a  ateel'grar  colour,  eusccpiiblo  of  a  fine  polish,  and  of  the  spe- 
clBc  gravity  H.5.     Cnbalt  is  nearly  as  magnetic  as  iron. 

Cobalt  is  less  aficeted  by  damp  air  than  iron,  but  after  some 
time  becomes  covered  with  a  brownish-black  rust.  Heated  in  the 
ftir,  it  is  converted  into  an  oxide. 

Cobalt  disaolvca  in  chlorohydric  and  dilute  sulphuric  acids,  with 
disengagement  of  hydrogen  gas ;  but  the  solution  ia  effected  more 
slowly  than  that  of  iron  or  zinc. 

COMPODSftS  OP  COBAir  WItH  OXTORN- 

§  892.  Cobalt  forms  two  well  defined  oxides :  a  protoxide  con- 
taining 21.32  per  cent,  of  oxygen,  and  a  sesqiiioxida  containing 
for  the  same  quantity  of  metal  one  and  a-half  times  more  oxygen. 
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Tht!  eqainlent  of  cobalt^  dedaced  from  the  compositioo  of  tbwe 
I  «ddM  by  ghring  to  the  ptotoxid«  the  formalft  CoO,  a  29.S. 

Hjdrsted  protoxide  o/eobait  ta  obtained  by  adding  c&ustic  po- 
tasia  to  tho  solution  of  a  salt  of  cobalt,  a  salpltato  or  a  mtrate  for 
example.  The  gelatinous  precipitate,  of  a  laTender-blue  colour, 
should  be  well  washed  with  boiling  water  to  remore  the  last  trAoes 
of  potaass,  and  oalcinrd  protected  front  the  air.  The  protoxide  ia 
klso  prepared  bj  eaJciiuof;  carbonate  of  cobalt  in  a  close  crucible. 
Protoxide  of  cobalt  is  a  powder  of  a  deep  aeh-gray  colonr.  which, 
when  heated  in  the  air,  absorbs  oxygen,  and  appears  to  be  con- 
[  verted  into  an  oxide  CoO  +  Co,0„  corresponding  to  magDetic  oxide 
"  iron.  It  iti  a  powerful  baae,  which  forms  red  salts,  isomorpfaom 
rith  those  yielded  by  the  olber  metallic  oxides  of  the  same  foriDslat 
Uttiiuioxide  of  eohalt  is  obtained  by  passing  a  cnrrent  of  chlorine 
roDgh  water  containing  bydrated  protoxide  in  Btupeoeioa  ;  when 
io  li4uid  becomea  rose-coioarcd  and  a  black  precipitate  is  formed. 
L'&der  these  circamstaneeA,  a  portion  of  the  protoxide  is  chaoged 
sto  a  chloride,  which  dissolves,  and  parta  with  ita  oxygen  to  an- 
portioQ  of  the  protoxide,  which  ia  changed  into  eesqoioxide: 

3CoO+CI  =  Co.O,+  CoCI. 

The  whole  of  the  protoxide  may  be  converted  into  sesquioxide 
by  precipitating  the  dissolved  protochloride  by  potassa,  and  again 
ling  chlorine  through  the  liquid ;  which  ia  the  same  as  imme- 
ely  treating  the  bydrated  protoxide  by  a  solntlon  of  an  aUudine 
kypochlorite. 

8.aT8  FORMED  DY  PROTOXIDE  OF  COBALT. 

§  893.  The  protnaalta  of  cobalt  a.re  generally  of  a  corrant-red 
peach'blossom  colour.  Their  solutions  are  of  a  currant-red; 
lat  eoine  of  them,  pnncipally  that  of  the  protochlortde,  are  red 
oly  when  diluted,  and  ehange  to  a  bright  blue  whea  oosceo- 
d,  owing  to  a  dehydration  of  the  salt,  or  to  nn  isomerio  modi- 
JealioQ.  It  also  occnrg  when  the  tcmperatore  is  elevated.  Crya- 
!'tels  of  chloride  of  cobalt,  when  cold,  are  roee>ooloared,  bnt  when 
heated,  assamo  a  beautiful  bine,  without  perceptibly  losing 
water;  for  they  return  to  the  rose  colour  on  cooling.  Charac- 
n  wrilleD  apon  paper  with  a  dilute  solution  of  chloride  of  cobalt, 
ppcar  after  the  evaporation  of  the  water,  because  the  chloride 
cobalt  is  then  in  its  rose-coloured  roodiScatiob  ;  but  if  the  paper 
brought  near  to  the  fire,  the  chloride  is  traiiaforioed  by  the  ele- 
Tatiou  of  temperatare  into  ita  blue  modification,  by  which  the 
.dtaracters  become  apparent,  aa  the  colour  of  tbia  modiScation  i« 
As  the  paper  oooln,  the  oharactera  disappear  again  cd- 
',  nnleas  the  paper  haa  been  too  highly  heated. 

property  of  chloride  of  cobalt  has  given  it  some  celebrity 
aa  a  tympath^ic  ink. 
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The  characters  only  'become  blue  if  tlio  chloride  of  oobalt  ti««d 
18  very  pure  ;  but  wlieii  it  cont»ina  a  small  quantity  of  nickel  cbeT 
turn  f;recn :  the  purity  of  the  liquid  may  thua  be  aacetiain<-d. 

&»lta  of  cobalt  yield,  vith,  potassa  and  soda,  lavender-blue  pr 
cipitates.  Amoionia  do^s  not  precipitate  the  Holutions  containini 
an  excess  of  acid,  as  a  double  ammoniacal  salt,  uot  decompMtbl 
by  an  excess  of  ammonia,  ia  then  formed. 

The  alkaline  carbonates  produce  a  rose-coloured  precipitate  dl] 
carbonate  of  cobalt,  while  the  alkaline  phosphates  and  arseniati 
throw  doTV'n  peach-blosBom  coloured  precipitates  readily  soloble  il 
sn  excess  of  acid.  Yellow  prussiatc  of  potash  glTes  a  dirty-greei 
precipitate.  When  the  salts  of  cobalt  contain  an  exceM  of  acid 
ther  are  not  precipitated  by  sulphuric  acid.  The  alkaline  suIRl 
hydrates  afford  a  black  hydrated  sulphide. 

Suh'hate  t'fcofialt  is  obtained  by  dieeolnng  the  oxide  in  sulphi 
lie  acid,  and  crystallinea,  at  the  ordinary  teniperatar*,  viifa  71 
equivB.  of  Trater  CoO}SO,+7HO,  in  the  same  form  as  sulphate  oi\ 
iron.  The  formula  of  the  crystals  formed  between  68"  and  86*t 
is  CoO,SO,+6HO,  ancl  they  are  isomorphous  with  sulphate 
mi^esia. 

Nitrate,  of  cohalt  ts  obtained  by  disjolvin^  the  metal,  or  tha 
oxide,  in  nitric  acid.     The  nitrate  is  easily  decomposed  by  heatj, 
and  leaves,  vheu  subjeolcd  to  a  moderate  temperature,  the  oude] 
CoO,Co,Oj  as  a  residue. 

Oxalatf  cf  cchait  is  deposited  ia  small  rose-coloured  crystalsjj 
when  ojcalic  acid  is  udd«d  to  a  solution  of  sulphate  of  cobalt.    The 
salt  is  but  slightly  soluble  in  water. 

Tho  alkaline  carbnoatca  produce  in  solutions  of  the  solts  of  cobalt 
B  pale  ro80-coloared  precipitate  of  the  hydrocarboaate 
2(CoO,CO,)+3[CoO,UO.) 

COMPOUND  OK  COBALT  WITH  SULPHITR. 

§  894.  Sulphide  offchalt  is  prepared  by  heating  tho  oxide  with 
an  alkaline  polysulphidc  :  if  the  calcination  be  carried  to  u  wtut«^ 
heat,  a  bronze-coloured  metallic  button  is  obtained. 

COMPOUND  OP  COBALT  WITH  CHLOBLVfi. 

§  895.  Chloride  of  cobalt  is  prepared  by  dissolving  the  oxide  in 
chlorohydrtc  acid.  Wo  have  already  said  that  this  chloride  exists 
under  two  iiiutlifications,  as  a  rose-coloured,  and  as  a  blue  oom^j 
pound. 

COMPOUNDS  OF  COBALT  VflTH  AK8EN1C. 

S896.  Two  cryBtalUxod  araeniurcts  of  cobalt  are  found  in  nature  ^^ 
but  these  minerals  generally  contain  al  the  same  time  arsenloretai 
of  nickel  and  iron.     Cobalt  is  alio  found  in  combination,  »t  tb« 
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«■«  dme,  with  araenic  and  sulphur,  in  the  etste  of  a  Rulfarsoninret 
CoAaa+CoS, :  mineralogists  cull  it  gray  cobalt.    Its  most  ordinarjr 
cr/BU.Ilin«  fonn  is  the  cuho^oetahearaL     The  graj  cobalt  work«d 
st  Tua&berg,  in  Swed«ii,  vhich  ia  rery  pure,  is  mostlj  used  id  labo- 
nU»iw  to  obtain  the  producis  of  cobalt.     To  effect  this,  the  pow- 
dered ore  ia  first  roasted  in  the  siufflo  of  a  cupclli&g- furnace,  with 
s  geatle  hext  at  the  commen cement,  in  order  to  :tvoiil  the  fnsion 
of  tke  mnterial,  when  the  SQiphur  bums  U>  sulphurous  acid,  a 
large  portion  of  the  ar&enic  is  changed  into  nrfienous  aci<I  which  is 
JisMteoged  in  white  fumes,  and  another  portion  of  the  arsenio  is 
trumonned  into  arsenic  acid  which  remains  in  conibinn.tion  with 
be  oxidised   cobalt,  forming  ftrscniato  of  cabali.      Wben  white 
u«  are  no  longer  disengaged,  a  small  quantity  of  powdered 
luooal  is  thrown  on  the  muteriiil,  niid  t)i«  whole  is  mixed  ;  after 
rhicfa  th«  door  of  the  mufflt;  is  closed,  when  the  charcoal  reduces 
[die  arseni&te  to  the  state  of  an  arseniuret ;  and,  if  air  be  admitted, 
[JUte  roMting  recommences  aud  reiuovca  an  additional  quantitj  of 
Boic.     As  this  substance,  however,  cannot  be  entirely  separated 
Ibis  wtj,  the  whole  must  ho  roasted  with  carbonate  of  soda  and 
small  quantitj  of  nitre,  aud  then  heated  in  a  crucible,  when  the 
Bt  portions  of  arsenic  combine  with  the  sodit,  forming  arsentate 
U»f  B(>du,  which  is  removed  by  treating  lh«  material  with  boiling 
fmter.    The  cobalt  remains  in  the  stnto  of  an  oxide,  generally  eon- 
ling  a  small  quantity  of  peroxide  of  iron,  which  is  separated  bv 
Edisaolving  in  nitric  acid,  evaporating  to  drive  oiT  the  excess  of  acid, 
id  then  treating  with  water.     A  few  drops  of  carbonate  of  soda 
t^ded  to  the  \'ii\\x\A  precipitate  hydraled  peroxide  of  iron.     Lastly, 
oxide  of  cobalt  la  obtained  by  adding  caustic  potas.sn. ;  or,  when 
lie  cobalt  ia  to  be  prepared,  tbe  oxalute  intended  for  this  pur* 
[bom  is  obtained  by  an  addition  of  oxalic  acid. 
I      The  powdered  ore  may  u.l&o  be  immediately  fused  with  u  mixture 
[of  carbenateof  setlaaDd  sulphur,  when  a  eulfarseniato  of  sodium  and 
[mlphide  of  cobalt  are  formed,  which  collect  at  the  bottom  of  the 
I'ttucible  in  the  form  of  a  ball.     This  sulphide,  heated  with  dilute 
Iphoric  acid,  diaeolves  by  disengaging  sulfbydric  acid,  yielding 
■olation  of  solpbate  of  cobalt. 

DETEB3UNATI0N  OP  COBALT;  AND  ITS  SEPARATION  FROM  THE 
MKTALS  PREVIOUSLY  STUDIED. 

1 897.  Cobalt  is  determined  cither  as  protoxide  or  in  the  me- 

llie  state.     It  is  generally  precipitated  from  its  solutions  by 

kOBtie  potassa,  when  the  precipitate,  being  washed  with  boiling 

mter  and  calcined  at  a  strong  red-heal  in  a  close  platinum  crucible, 

EfeaYes  protoxide  of  cobalt ;  but  it  is  always  to  be  feared  that  a  por- 

'ion  of  the  cobalt  may  remain  in  the  state  of  sesquioxide.     It  b. 

I  Jierefore,  beet  to  place  the  oxide  in  a  glass  bulb  A  (fig.  520J,  and 

beat  it  in  a  current  of  hydrogen  gas,  tuns  restoring  the  oxide  to 
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Ui«  etatt  of  metallic  cobalt,  Yfbich  u  weighed  u  Bucli.     Wbeti  the 

Uaaid  contains  amnionia- 
cu  salts,  it  must  be  er»- 
■|  porated  to  dryness  witb 
excess  of  potoM*  todrira 
off  the  ammonia,  and  then 
treated  Tfith  yrhttr.  Co- 
balt may  alno  be  prectpi* 
tated  assuJphide  i>y  iulf- 
bydrateof  nmiBoni&;  but 
^^B-  ^^-  the  Bulpbide  must  then 

bo  redissolTed  io  nitric  acid,  and  tbe  oxide  precipitated  by  potassa. 
§  898.  Cobalt  in  Reparated  from  the  alkaline  and  alkalino-oarthy 
mctala  by  suifbydrate  of  ammoDia,  which  prcdpitntes  the  cobalt 
alone  as  sulphide.  If  the  solution  oontitin!)  ma.gno.Hia,  oare  muH 
bo  taken  to  add  bd  ammoniacal  salt,  to  prevent  the  precipitation 
of  tbifl  sabstance. 

The  aeparation  of  the  oxides  of  cobalt  and  alunaina  is  ea»ly  ef- 
fected by  cuustic  pota«8a  in  excesii,  which  dissolves  tlw  aluiiuaa< 
and  precipitates  too  oxide  of  cobalt. 

It  iB  very  dlfKcitlt  Batisfactorily  to  separate  cobalt  from  maogft* , 
nese.    'Xbe  best  method  is  to  heat  the  two  oxides,  first  in  a  eurrcot ' 
of  ohlorohydric  acid  gaa,  which  transforms  them  into  chlorides,  and 
then  ia  a  current  of  hydrogen,  which  rcBtores  the  chloride  of  cobalt 
to  the  metallic  stBt«>  but  does  not  decompose  the  chloride  of  man- 
sa&ese  ;  when,  by  treatment  with  water,  the  lattor  chloride  only  il  | 
aisaolTcd. 

In  order  to  eeparato  cobalt  from  iron,  the  iron  is  brought  to  the 
Btate  of  peroxide,  and  enough  eal-ammoniac  added  to  prevent  the 
precipitation  of  the  cobalt  by  au  excess  of  aminoiiia,  which  throwB 
down  only  the  scsi^uioxido  of  iron :  tho  cobalt  is  then  precipitated 
in  tho  filtered  liquid  by  Bulf  hydrate  of  ammouia. 

H]djU.T,  AZURE,  OR  ZAFFBE. 

{899.  Oxide  of  cobalt  readily  combines  with  fusible  silicates, 
producing  beautiful  blue  glasses,  which  find  an  extennive  use  in  por> 
celain-pamtinK,  and  are  highly  valued  for  their  property  of  reaiat- 
ing  the  highest  temperatures,  provided  no  deoxidizing  GsbataDces 
be  present, 

A  bloc  glass  containing  oxide  of  cobalt  is  technically  prepared, 
vhiob,  when  finely  powdered,  ia  used  for  colouring  wall  and  writing 
paper,  and  for  bluing  linen.  This  glass,  culled  «maU,  or  tuure,  ta 
manuractiurcd  in  large  quu.ntiti'es,  from  tho  native  Rulfnrseniiiret  of 
cobalt,  in  Saxony  and  other  parts  of  Germany.  The  ore  is  roasted 
in  a  reverberatory  furnace,  in  which  the  vapours  of  arBcnious  acid 
oondense  in  the  pipes  just  below  the  return-ohimney.  The  ore, 
properly  roasted,  is  mixed  with  white  sand  and  very  pure  carbonate 
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of  potOEsa,  in  determinate  proportions,  and  fueed  in  glasft-koose 
pots.  A  metallic  button,  wfiich  is  called  tmigg,  composed  chiefly 
of  arsemurets  of  nickel  and  iron,  is  cttea  deposited  at  the  bottom 
of  the  |>Qt.  The  vitreooa  &abstaiice,  which  hns  an  inteneo  blue 
colour,  IS  pounded  aflcr  cooling,  and  then  ground  to  a  fine  powder, 
which  is  then  scspemled  in  water,  when  the  grosser  particles  are 
first  deposited,  and  must  again  he  ground.  The  eapematant  muddy 
waters  are  decanted  after  eome  time,  and  poured  into  buckets,  where 
they  gradually  deposit  finer  and  finer  powder.  The  clearness  of  the 
bltu  ooloar  depends  on  the  fitieness  of  the  particles. 

COBALT-BLUB,  OR  TlIE^f.UtD'S  BLUB. 

{900.  Oxide  of  cobalt  also  enters  as  a  coloariog  principle  into 
aoother  colour  tised  in  painting,  and  called  eobaii-biue,  or  T/ienard'a 
Uiu.  This  colouring  matter  is  prepared  as  follows: — A  solution 
of  sulphate  or  nitrate  of  cobalt  is  precipitated  by  phosphate  of 
potasaa ;  and,  on  the  other  hand,  a  solution  of  alum  is  treated  with 
carbonate  of  soda.  The  two  gelatinoiis  precipitates  of  alumina 
and  phosphate  of  cobalt  are  intimately  mixedf  in  the  proportion 
of  3  volumes  of  phosphate,  and  from  12  to  15  parts  of  alumina; 
when  the  mixture,  dried  and  calcined  in  a  crucible,  changes  into  a 
beautiful  blue  powder.  It  is  important  to  prevent  the  combustible 
raponrs  of  the  furnace  from  entering  the  crucible,  as  they  would 
seriously  Idjoto  the  tihade.  Tim  iucuuvenlence  is  avuided  with 
certainty  by  placing  at  the  bottom  of  the  crucible  a  emaU  quantity 
of  oxide  of  mercnrj,  which  produces  an  atmosphere  of  oxygen  gas, 
and  preserves  the  oxide  of  cobalt  from  reduction. 
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NICKEL. 
Eqcivaijint=  29.6  (370.0;  0  =  100.) 

§801.  Metallic  Dickel*  Is  obtained  in  precisely  the  enme  manner 
aa  cobalt.  Oxide  of  nickel,  rodueed  by  oxygen  at  a  low  tompcra- 
tore,  jields  a  palrerulent  mctnl,  wlitch  becomes  iiicandcaccnt  in  the 
air,  and,  when  reduced  in  a  "  Ijraaqucd"  crucible  in  a  forgo-fire, 
produces  a  irell-fuAcd  carliurctted  metal.  Pure  moUod  metallic 
nickel  is  olitained  by  heatiD];  oxalate  of  nickel  in  a  closed  veuc\ 
in  a  strong  forge-fire. 

Nickel  ia  a  Blightly-grayisli  white  metal,  which  is  so  inucli  more 
malle&bk  tbaa  cobalt,  that  it  can  bo  hammered  and  drawn  out  into 
fine  wire.  Its  density  is  about  8.8.  It  is  nearly  an  magnetic  aa 
iron,  bat  losea  this  property  when  heated  to  aliout  400°.  Nickel 
bears  pretty  well  the  contact  of  a  damp  atmosphere,  hut  by  beating 
in  the  air  is  converted  into  an  oxide.  It  dissolves  in  chlorobydric 
and  dilute  sulphuric  acids,  with  disengagement  of  hydrogen  gas. 

COMTOUNDS  OP  KJCKEL  WITH  OXYGEN. 

I  902.  Nickel  forms  two  oxides  : 

A  protoxide  composed  of.....  Nickol 78.72 

Oxygen 21.28 

100.00 

kd»MBqiu<»dct«eomposed  of.....  Nickel 71.13 

Oxygen 28.87 

100.00 

From  this  the  equivalent  of  nickel  is  29.6,  differing  hy  only  one 
decimal  from  that  of  cobalt. 

Proloride  of  nickel  is  obtained  in  the  hydrated  stale  by  treating 
>  solution  of  salphate  of  nickel  with  caugtic  potaasa,  when  an  apple- 
(green  precipitate  forma,  which,  when  well-washed  in  boiling  water, 
•nd  then  calcined  and  proteetod  from  tlie  air,  yiulds  anhydrous 
oxide  aa  an  ash-gray  powder.  It  ia  also  abtuincd  by  the  calcina- 
tion of  the  hydrocftfbonate.  Ahhough  calcined  nitrate  of  nickel 
leaves  some  oxide,  the  temperature  must  be  very  high  to  coDvert  it 
entirely  into  protoxide. 

SeKjuiozide.  cf  ntcktl  is  prepared  by  subjecting  hydrated  prot- 
oxide BUBpeuded  in  water  to  the  action  of  chlorine,  or  treating  it 

*  B^ovgoUed  M  a  p««tilikr  m«Ul,  ia  1751,  hy  QroatUdl  sad  Borgmum. 
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l>7  an  ftlkaline  chlorite.     This  oxide  forms  a  blaok  powder,  vhioh 
dissolves  in  hydrochloric  acid  with  dmengagement  of  chlorine. 

S.\VtB  FORMED  BT  PROTOXIDK  OF  inCKBU 

§  903.  The  hydratcd  salts  of  nickot  nro  of  a  b«aiitiful  green 
colour,  the  iDajarity  of  ihcia  becoming  yellow  by  losing  thoir  water 
of  orjstaltixation,  while  thoir  solntioDS  are  of  a  beautiful  emerald 
green.  Front  the  salts  of  aickel  tho  fixed  alkalies  throw  dowD  an 
applo-ercoD  gelattnoiifl  precipitate,  wtitio  antmonia  docs  not  preci- 
pitate nighiy  acid  solutions,  and  gives  only  a  partial  precipitation 
with  Dcatral  solutions,  as  an  excess  of  the  reagent  redissoJres  the 
precipitate,  and  the  liquid  turns  blue.  The  carbonat«s  of  soda  and 
potasHa  produce  bright-green  precipitates  of  tho  hydrocarbon  ate 
S*iO,CO,-]-NiO,HO,  while  the  alkaline  phosphates  and  arseniates 
throw  down  palc-greeu  precipitates.  Prussiato  of  potaali  gires  a 
gTMnisb-whito  prccipitntc.  The  acid  solutions  of  salts  of  nickel 
are  not  affcctea  by  sulfliydric  acid,  but  arc  partially  precipitated 
when  neutral,  especially  if  tho  acid  of  tho  salt  is  feeble  ;  while  the 
alkaline  sulfhydrati-s  give  a  black  procipitato  of  hydrsted  sulphide 
Boloble  in  an  exceu  of  the  precipitant. 

|904.  A'u/pA<ii«o^«tcAi!(ia  generally  obtained  from  tho  nu^kfl-ore, 
which  is  the  metallic  Kpeint  deposited  in  the  bottom  of  the  crucible 
in  the  manufactaro  of  tmalt.  It  is  principally  composed  of  areeni- 
nreta  of  nickel  and  iron,  but  frequently  ecintains  Home  traces  of 
cobalt;  in  which  case,  the  pondered  E<pci»3  ii  fused  with  a  small 
qoaotiQr  of  alkaline  glass,  to  which  a  little  nitre  is  added,  when  the 
oxido  of  cobalt  passes  into  the  vitreous  acori^,  and  the  purified 
nidiel  is  cnncentrated  in  the  lump  of  nrseniuret,  because  cobalt  is 
more  oxidizable  than  nickel,  which  has,  on  the  contrary,  a  greater 
tffinity  for  arsenic.  The  srseniuret  of  nickel  is  then  ronHted  to 
drive  off  the  arsenic  as  completely  as  possible,  and  the  rc-aidue  of 
buic  arscoiate,  after  being  heated  in  a  cracible  with  a  mixture  of 
euionate  of  soda  and  a  small  (juantity  of  nitre,  is  treated  with  hot 
wster,  which  dissolves  the  alkaline  salts  coBtaiuing  all  the  arsenic 
acid  in  the  state  of  an^eniate  of  soda.  The  oxide  of  nickel  remain- 
ing is  difisolred  in  sulphuric  acid,  the  small  quantity  of  persulphate 
of  iron  which  the  sulphate  thus  formed  always  contains  being  easily 
^H  rmoved  by  boiling  the  liquid  with  carbonate  of  lime,  which  preci- 
^P'|Htatee  only  the  peroxide  of  iron,  nnd  introduces  no  foreign  salts 
^  isto  the  liquid,  as  sulphate  of  lime  is  very  slightly  soluble. 
1  Salpbate  of  nickel  crystallizes  at  the  ordinary  lemperuture  with 

I  7  equr.  of  water,  but  may  be  obtained  combined  vith  6  equiv. 
1       by  sryitallisation  from  a  hot  solution. 

I  Crystals  of  sulphate  of  nickel  with  T  eqviir.  of  water  often  attain 

I  t  very  lar^  siae,  and  exhibit  a  remarkable  phenomenon  of  molccn- 
1  Ur  EDoretnent :  on  leaving  a  large  crystal  to  itself  for  some  days, 
1      eipscialiy  if  exposed  to  solar  lignt,  it  preserves  its  outward  form. 
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bat  loees  its  tranepbrCQC^ ;  and^  )f  it  be  tbon  brolccn,  trill  bo  found 
filled  with  cavities,  the  walls  of  which  are  lined  with  brillii-Dt  crys- 
tals of  quite  another  form,  and  in  which  the  moUeuIcs  arc  grouped 
in  a  coiuptett^ly  ilifTereut  inauner,  while  the  Buhtttunce  hu  not  bo- 
como  li<|uid.  ^ 

It^-  adding  oxolic  scid  to  a  solution  of  nutphate  of  niclcel,  no 
precipitate  is  imniodiately  formed,  while,  after  some  time,  &  crj^- 
tillioe  powder  of  oxalote  of  vickcl  in  deposited,  and  only  a  very 
small  quantity  of  tie  motal  remaina  in  solution. 

COMPOKHD  OF  HICKEL  WITH  81ILFBUB. 

§905.  Su?phiile  of  ntfket  is  prepared  ly  heating  a  mixture  of 
oxide  of  nicliol,  carbonate  of  Goda,  and  sulphur,  when  tbo  sulphide 
fuses  into  a  brooze-jetlow  button,  if  the  teuiperature  ia  euScieullj 
elevated. 

COMPOUND  OP  NICKEL  VITII  rELOBCfE. 

5  d06.  Chloride  of  nickel  is  obtained  by  dissolving  the  oxide,  or] 
tnetallic  nickel,  in  concentrated  chlorohydric  acid,  vhen  thfl  solo-] 
tion  deponits  green  crystals,  which,  when  heated  in  a  tube  pro^l 
teeted  from  tho  air,  part  with  their  water,  and  yield  a  volatile; 
anhydrous  chloride,  which  sublimes  on  tho  sides  of  tho  tobo  in  tb( 
fonn  of  gold-coloured  spaoglee. 

COMPOUNDS  OF  MICKEL  WITH  ARSENIC. 

§  907.  Nickel  is  found  in  nature  combined  with  arsonic,  in  tW] 
state  of  arseniurets.  KiAs  and  NiAs,  and  also  occurs  as  a  si 
BTBcnitiret  NiSj-f-NiAfi,.     The  native  arseniurets  are  soroctimefll 
used  for  the  extraction  of  nickel,  hut  generally  the  speisa  arisin| 
from  tho  manufacture  of  smalt  is  preferred  fer  that  purpose. 

GERMAN  SILVER,  AROENTAN,  OB  MAILLECHOBT. 

S  908.  Kickel  is  tcchnicatlj  used  for  making  an  alloy  capable  of 
a  high  polish  and  the  lustre  of  silver.  ThiB  alloy,  which  ia  com- 
iKWM  of  100  parts  of  copper,  00  of  zinc,  and  lOof  nickel,  is  known 
ID  eonmeree  DJ  the  various  nutnes  of  German  nlver,  maillechort, 
packfon*},  arffcnian.  Various  omamenta.1  objects  arc  made  of  it, 
DUt  it  is  chiefly  used  for  spurs,  for  carriage  and  harness  mount- 
ings, etc.*  It  has  been  proposed  for  kitchen  ntensils.  but  thia  use 
would  be  dangerous,  as  the  alloy  readily  oxidizes,  particularly  when 
in  contact  with  aoid  liquids,  and  produces  very  poisonous  salts.t 

*  In  BngluiJ. 

t  Qarmio  gilv«r  flnds  moah  moro  cxUii(i*«  uie  in  OrcKt  Brit*in  ud  Ui«  UnlleJ 
StatM;  belog  Don  •  subsUuiee  almant  unirnmaU;  omploj'«d  for  lti«  miDuTaclurc 
of  ilt  artleiM  for  OMrul  anil  ontknipDUl  pnrpOMt  whiek  ar*  to  be  «lwtro-vlat«d. 
At  Illrmlnghun  aloaa^  hnadr«da  of  taoB  ue  ■tmaallj  ruhloowl  loM  pUMofvwr}- 
dcBoHptiDo,  and  nbttqiMiitl;  cob  ted  idUi  aUrtr  or  gold  tj  the  gtlTaiilo  proetw. — 
W.  L.  F. 
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DETERMISATIOS  OF  NICKEL,  AND  ITS  REPARATIOS  FttOH  THE 
METALS  PKBVI0C8UY  8TCDIBD. 

§  909.  2*ickel  a  prccipiuted  from  iu  lolutions  by  caustic  po- 
tUBs,  or  br  ftulf  hydrate  of  amuiooiH  kod  la  determined  iu  tho  titate 
of  protoxide,  ]ik«  cobalt,  after  )ia?ing  been  hij^hlj  calcined  ;  but,  as 
is  tbo  caae  witb  cobalt,  the  degree  of  oxidutioa  of  the  oxido  nhich 
remaioa  is  uiicortain.  In  exact  aDtilyses,  it  h  preferabto  to  reduce 
th*  oxide  by  hydrogen  and  weigh  the  nickel  itt  iho  metallic  stikto. 

S  910.  As  nickel  is  separated  from  the  metaJs  previously  studied, 
W  the  sane  processes  as  thoie  described  for  eobatt,  ve  shall  refer 
the  reader  to  them  (8!)8),  and  proceed  to  exatnise  only  the  scparo- 
tioo  of  cobalt  and  nickel. 

Niokcl  arid  cobalt  arc  frequently  found  associated,  ond  their 
sepsratioD,  which  prceects  some  difficulties,  becomes  neeeuary. 
One  of  the  most  simple  processes  consists  in  pouring  oxalic  acid 
into  the  solution  whicli  cotititius  tho  two  oxides,  after  which  the  two 
oxalates,  which  prcdpitntvd  together,  are  rcdissolvcd  in  ammonia, 
and  ttie  suuioiii:ical  liquid  is  left  in  un  uncorked  bottle,  when  the 
ammonia  is  slowly  dii-en^'itgcd,  and,  aa  its  quantitY  diminishes,  the 
liqnid  loses  more  and  more  its  power  of  dtssolvins  the  oxalates. 
Kow,  the  two  salts  not  being  ec^ually  soluble  in  the  smmooiaeal 
h'qoid,  a  moment  arrives  at  which  the  latter  does  not  contain  enough 
UDmODia  to  bold  the  oxalate  of  nickel  in  solution,  which  is  the  less 
easily  soluble  salt,  but  at  which  it  can  still  dissolve  the  oxalate  of 
cobalt:  the  oxulutc  of  nickel  is  then  deposited,  and  the  liquid  as- 
litmes  u  deeper  red  tinge.  When  &  bright  ourrant-cotour  is  attained, 
the  liquid  is  dccnntcd,  and  then  contains  only  cobalt.  The  small 
qtuntity  of  cobalt  which  the  precipitate  of  oxalate  of  nickel  always 
eoDtains,  is  separated  by  again  dissolving  the  oxalate  of  ammoaia, 
aod  allowing  toe  liquid  to  evaporate. 

Another  process  consists  in  pouring  altemately  chlorohydrie  acid 
and  ammonia  into  the  solution  which  contains  the  two  oxides,  until 
the  liquid  yields  no  precipitate  with  an  excess  of  ammonia,  when  a 
snfficicnt  quantity  of  ammoniacal  salt  has  formed  to  constitute,  with 
the  metallic  salts,  double  salts  which  are  indocomposable  by  ammo- 
nia. Tho  liquid  is  bottled,  and  canatic  potaa^a  added  to  it,  which, 
does  not  di^eomposo  the  double  ammutitucul  suit  of  cubalt,  white 
that  of  nickel  parts  with  the  oxide  of  nickel,  which  is  precipitated. 
Tbe  eontaot  of  the  air  must  be  avoidi-d  during  this  experiment,  as 
otherwise  the  cobalt  would  absorb  oxygen  and  be  precipitated  in 
the  state  of  hydrated  sesquioxide..  llie  cobalt  which  remains  iu 
the  liquid  is  thca  precipitated  by  an  alkaline  sulphide. 

These  metals  muy  also  be  separa.ted  very  accurately  by  dissolv- 
bg  them  in  aa  excess  of  chlorohydric  acid,  and  diluting  with  & 
Iv^D  quantity  of  water,  after  which  the  liquid  is  Siiturated  with 
chlorine  gas,  and  carbonate  of  baryta  in  excess  added.    Tho  liquid 
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is  tlten  Allowed  to  rest  for  18  hours  Titliont  being  hratcd,  when 
tk«  vhole  of  the  cobnlt  is  precipitated  b.s  sest^n'ioxiAe,  whilo  the 
nict:«l  roinains  in  Bolutioii.  The  precipit»tc,  which  consists  of 
Besqiiioxidc  of  cobnlt  nnil  th«  txcas  of  carbonnte  of  baryta,  is  col- 
lecLwi  on  a  filter,  linJ,  after  being  well  waahed  with  cold  water,  Is 
dissolved  in  conccntrnted  chlorohydrio  acid,  after  which  the  baryta 
is  precipitated  by  sulphuric  aoid,  and  then  the  oxide  of  cobnlt  by 
potassa.* 

*  Sbc«  the  autbw  hu  pnbUabod  tli«  afcore  ci«thod«,  ■  lUII  belter  mv  baa 
l>«eoml^  koowa,  irbidi  !■  tho  Utevnif  of  Uvbiff  nnJ  W<ilil«r,  fcii'l  oonaisti  in  tkt 
ftUowing  opwtttiotii : — Tho  tw«  axtdca  1iit«id«d  Id  b?  Bi>parat«d  hro  <lii»«l««d  in 
par*  Bjuiiae  of  potwuiuin.  aoJ  lhi>  red  lolution  obltLinml  is  boiled  to  «x|i«I  Utt 
tzc*»  of  pniMic  neid:  itIictd  liydro^Rii  im  mt  tbo  iiauo  tima  evolmiJ,  and  the 
eyantd*  of  cobalt  «liiiTi|i«a  lo  cnhnliiikjimidoGriiolsnium  Co^CynaKCj.  while  tfce 
Blokel  reraiklna  a*  palauQ-c,v«iiii~le  iiiekel  NIC;.2KC)'.  Ad  addltiuD  or  pure  oiidi 
of  mercury ,  !9UF<|)ruded  hi  iraltr.  llii-n  prv tip! lutes  hII  tliu  nickel  as  »  tniiturt  of 
oxide  nnd  rjntiidr,  wliilc  tho  tncrrury  rinjituRca  tlic  nit^kel  in  tiic  dnuhir  cyanide; 
arter  wkich  tkv  precipitate,  coDaiaUnn  of  oaido  and  cyinidc  of  nkkcl,  and  the  *X' 
«0M  of  otiti*  of  DMircDrr  added,  i*  wnahed  and  calcined,  when  jiar«  ox'tA*  of  uivliel 
r«mBin«,and  ie  weighcJ.  Tbcoob&lt.  which  siill  eiinui  in  tho  solution  ueubaltld- 
ejanlde  of  potiiaaluiii,  is  cheu  proalpi(at«d  by  pr<>tonltrat«  of  mf>rcaij,  mtlor 
bavins  n«uiralited  the  liquid  with  uitrit'  acid :  wL«d  a  h«av;  white  pruetpilate  i» 
fonncu,  cant ai Dirts  all  tl"  cubalt  m  coballid cyanide  of  inn rrnrj',  which,  bjrcalcina- 
tioD  in  the  air,  is  oonrcrtcd  into  pare  oiidc  of  cobalt,  wbicli  ia  weighed. —  IT.  L. /: 
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EdOiVALRrcT  =  32.6  (407.6 ;  O  =  100). 

1 911.  Zinc  is  now  tcchnicnlly  employed  in  &  great  number  Of 
iiffercnt  irnjrs.  That  found  in  commcrcv  la  not  pcrfcclljr  pare, 
vhile  the  Bbeot-sioc  more  nearly  approaches  porTecc  purity,  be- 
L*uue  the  presence  of  the  smallest  quantity  of  foreign  matter  con- 
[,|iders.blji;  diminishes  the  malleability  of  iho  CDGtal  and  renders  it 
FioBt  for  rolling.  Zioc  fuaca  at  a.  Icmpcruturc  of  about  QSO",  and 
[toils  at  a  nhite-beat,  when  it  mny  bo  purified  by  diatillstion ;  to 
llffect  which,  commercial  line  is  placed  in  an  corthon  retort,  vliicb 
[la  arranged  In  a  reverberacory  furnace,  while  below  tbo  open  neck 
I  tf  th«  retort  a  vessel  containiog  yrater  is  ptnced  to  receive  the  zinc- 
[  Another  and  more  snitable  apparatus  for  this  di^titlution  consists 
.  «r»  cl&y  CTOcible  A  (fig.  521),  the  bottom  of  which  is  perforat«d« 
and  rests  on  n  clay  diak,  or  cheese  (fromage) 
r  nnM  ^*  pierced  likewise  with  a  hole.    A  clay  pipe 

M  AJ!|n  oi>t  ^^^  upper  end  of  which  reaches  the  top 
of  theemcible,  being  benneticaily  fastened  in 
both  apertures,  the  cine  to  be  distilled  is 

filaced  in  the  crucible,  which,  after  the  lid  is 
ated  on,  is  arranged  in  a.  furnace  so  that 
the  pipe  may  pass  through  the  grate,  beneath 
which  is  placed  a  pan  C  filled  with  water. 
When  the  temperature  rises  in  the  furnace, 
the  zinc  first  fuses,  sad  then  boils,  wlicn  its 
vapour,  descending  through  the  pipe  and  there 
condensing,  allows  the  liquid  metal  to  run  into 
the  pan.     This  process  is  called  ih'ttilhtio  per  Jeecfnsum. 

The  distillation  of  zinc  does  not  free  it  entirely  from  the  metals 
irilh  which  it  is  combined,  since  the  very  high  temperature  at  which 
the  di.<itiltation  tnkes  place,  causes  A.  small  portion  of  the  other  mc- 
laU  to  be  carried  over  with  tb«  vapours  of  the  zinc. 

'£ine  is  of  a  bluish<white  colour,  and  its  fresb  fracture  exhibits 
large  and  very  brillisut  crystalline  lamioie.  W'hUc  it  is  brittle  at  the 
onlioary  temperstorc,  it  becomoe  malleable  at  a  few  degrees  above 
212°,  and,  when  he&ted  to  B&i",  again  becomes  so  brittle  that  it 
My  be  pounded  in  a  mortur.  Ignorance  of  tbcso  remarkable  pro- 
I»rtie«of  aiacforaloiig  tirau  prevented  its  «xt«nBivo  technical  use, 
*od  formerly  it  was  only  employed  for  making  alloys.  It  is  now 
rolled  into  thin  sheets  for  roofing  bouses,  and  making  bathlag-tubs 
and  other  veoeeU  of  great  capacity.   Zinc  vessels  most  not  br  used 


Pig,  »i. 


us 


ZIMC. 


for  the  preparation  of  TooA,  heenuao  the  metal  readilj  oxidiE«8  Id 
contact  with  tb«  air^  when  in  presence  of  even  the  weakeeit  aoids, 
and  produces  poinonoun  Halts. 

The  density  of  zinc  varies  from  6.86  to  7.20,  aocording  aa  tho 
metal  }iaA  been  cast,  or  rolled. 

§  912.  Zinc  in  a  very  oxidizalle  metal,  as  its  surface  soon  tar< 
Dishes  by  superficial  oxidization  in  a  damp  atmosphere,  vhile,  when 
heated  in  contact  with  the  air  at  a  temperature  above  its  melting 
point,  it  becomes  iacaodeaceat  and  burns  with  a  dazzli&j  white 
flame,  the  brilliancy  of  which  in  owing  to  the  vapour  of  ainr,  which, 
by  burning  in  the  air,  forms  oxide  of  zinc,  a  perfectly  fixed  com- 

fonod,  of  which  the  particles,  heated  to  whiteness,  communicate  a 
right  lustre  to  the  flame.  Zinc  diesolvea  readily  in  chlorohydric 
nnddilute  siilphurio  acid,  and  discngngen  hydrogen  ;  and  the  metal, 
when  impure,  dissolves  more  rapidly  than  perfectly  pure  tine.  It 
decompoFics  s<]ueous  vspoar  with  dieengagement  of  hydrogen,  and 
is  converted  into  an  oxide,  the  reaction  commencing  at  n  tempcra- 
tnre  a  little  above  212°,  when  the  metal  exists  in  n  very  nnely 
divided  Rtato. 

Zinc  also  dissolves  with  disengagement  of  hydrogen  in  ■  boiling  so- 
lution of  pota.<tBa  and  soda,  and  formn  soluble  alkaline  zineaten.  ^  hen 
an  iron  blade  is  at  the  same  lime  dipped  into  the  alkaliao  solution, 
the  water  is  decomposed  even  when  cold,  while  tho  zinc  alone  dts- 
aolves,  the  iron  acting  only  by  producing  with  the  sine  a  voltaic 
current,  in  which  the  latter  metal  becomes  the  positive  element, 
and  thus  ocquircs  an  nflinity  for  oxygen  sullJciciitly  great  to  de- 
compose wiitt-r  at  the  ordinary  temperature  iu  the  presence  of 
potaasn.  The  decomposition  of  water  in  the  presence  of  potassa, 
IS  effected  very  remarlcably  by  plates  of  galvnnized  iron,  when  very 
brilliant  small  cryetals,  coneiating  of  a  bydrated  ozide  of  mo 
ZnO  +  IlO  arc  deposited  on  tho  sidoti  of  the  veuel. 

COMPOUND  OF  imv.  WITH  OXYGEN. 
§  91S.  Only  one  oxide  of  zinc,  a  very  powerful  base,  is  known, 
the  salts  of  which  arc  isomorphous  with  those  of  magaesin  and  with 
the  protosults  of  iron,  coliaU,  and  nickel.  The  oxide  is  obtained  by 
hcatioe  tho  metal  in  contact  with  tho  uir  until  it  ignites,  when  a 
white  iiocculent  Gubstunce,  of  it  hich  a  portion  is  carried  off  by  the 
current  of  air,  is  deposited  on  the  edges  of  the  crucible.  The  old 
chemists  called  it  lana.  philomphica,  or  pomphvlix.'  The  oxide  thus 
obtained  nlwave  contains  partictos  of  the  mctat,  which  it  may  b« 
freed  from  by  levigalion.  When  pure  oxide  of  line  is  to  be  prepared, 
it  is  better  to  decompose  by  heat  either  nitrate  of  zinc  or  the  hy- 
drocarbonato  which  is  obtained  by  adding  an  alkaliue  carbonate  to 
the  solution  of  a  salt  of  zinc.    When  caustic  potassa  is  poured  into 
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a  Bait  of  nnc,  a  white  pMcipitato  of  hydrnicS  osTdo  of  zinc  is 
obtained,  which  retains  a  cerUiin  i^uantity  of  alkuH  with  great 
obstinacy. 

Anh^'droui  oxide  of  zinc  U  white,  and  asramea  a  yellow  shade 
'      on  the  application  of  heat,  which  dis&ppears  on  cooling. 

t  Oxide  of  sine  ia  formed  of 
Zin« 81.5 
Oxygen ^   18.5 
100.0 
eoM  the  equivalent  of  sine  is  32.6. 
Oxide  of  zinc,  when  mixed  with  drying  oils,  produces  n  white 
pamt,  which  may  be  aiibstituted  for  white-lead,  or  ceruse,  and  lina 
been  recently  miiniifactiired  on  a  large  scale.*     It  has  the  advan- 
tage of  not  being  blackened  by  stilpharoiu  gaAcs,  and  not  oxpo«ing 
the  workmen  u>  the  same  daogeioiu  afiectioDB. 

8.\LT8  FORMED  BT  OIIDK  OF  ZINC. 

§  914.  The  Baltfl  of  siuc  arc  colourless  when  the  acid  is  not 
colonred.  Their  solutions  yield,  with  potassa,  soda,  and  ammonia, 
white  precipitates  which  di^solvo  in  an  excess  of  the  reagent;  and 
(he  sllialtne  carbonates  throw  down  a  while  precipitate,  which  also 
takes  place  with  prossiate  of  potash  and  the  alkaline  phosphates 
■nd  ariieniateii.  Sulfbjdric  acid  docs  not  precipitate  the  Halts  of 
tine  when  they  contain  an  excess  of  acid,  but  the  eulf  hydratea  give 
^vhite  precipitates. 

JSiilphate  of  Zinc. 

S  915.     The  enlpbate,  which  is  the  most  important  of  the  salts 

of  zinc,  is  readily  prepared  in  the  laboratory  by  dissolving  metaJUc 

"icio  dilate  sulphnnc  acid.     It  crystallizes  at  the  ordinary  tent- 

stnre  with  7  equlv.  of  water,  of  which  6  are  easily  driven  off  by 

sbjecting  the  salt  to  a  temperature  above  212°.     Cryatallized 

alpbate  of  sine  dissolves  in  two  or  three  times  its  weight  of  water^ 

fit  the  ordinary  temperature,  while  at  212°  its  solubility  may  be 

[lud  to  be  infinite,  as  it  melts  in  its  water  of  crystallisation. 

Solphate  of  tine  is  prepared  on  a  large  scale  by  roasting  blende 
[ib  beape,  when  a  portion  of  the  sulphur  is  disengaged  in  uie  state 
of  Bolpharons  acid,  while  the  greater  part  of  tne  blende  is  con- 
rated  into  sulphate  of  sine,  provided  the  temperature  does  not 
rise  at>ove  a  certain  point.  The  roa»ted  matter  is  treated  with 
water,  and  the  solution  evaporated  to  crystullizntion  ;  and  in  order 
to  render  the  salt  easily  transportable,  it  is  generally  melted  iu  its 
nter  of  crystalUzation,  and  poured  into  square  moulds  of  the  sizo 

*  It  ia  fezttosiTdy  manofMhind  &t  TItille  Monugne,  mad  alio  ia  lT«w  Jmtj, 
frm  Ikt  r«d  siiJ«  Mcorring  near  Franklin- 
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of  ft  oommoo  brick.     Tbft  s&lt  is  citlted  in  oommcrce  whiU  vitriol, 
and  IB  used  tn  the  nuDufucturo  of  calico. 

Carbonate  and  Bjfdrocarbonale  of  Zinc. 

1 916.  When  on  alkaline  carbonate  is  poured  into  a  solution  of 
sulplialc  of  zinc,  a  prfuipitntc  is  obtaiucd,  which  ia  not  a  c:irlK)iiatc, 
bat  a  hydroearbonate  of  rinc  (2ZnO,CO,+  SZtiO,I10).  Anhydrooa 
carbonate  of  zinc  is  found  in  nature,  constituting  a  mincrnl  called' 
tffl/awimc,  which  acquires  great  iuipoTtaree  from  boing  the  ordinary] 
ore  of  sine.  Most  frequently,  cnlamino  exists  in  compact  musses, 
and  more  rnrdy  exhibit))  dietluct  crystals  belonging,  lile  carbouutQ 
of  ItmC)  to  the  rhombohedric  eyatcm. 


COMFOUKD  OF  7ANC  WITH  SULPHUR. 


1| 


§917.  Zinc  in  the  state  of  filings  is,  when  heated  with  floweisi 
of  sulphur,  converted  into  a  nulphide  ;  but  it  is  diEBorilt  thus  to  ob> ' 
tain  a  perfect  sulphurstion.  It  is  better  to  heat  a  very  intimate  mix-  ^ 
ture  of  oxide  of  Kino  and  flowers  of  nnlphur,  when  oulphurona  acid  ' 
is  diacD^ged,  and  sulphide  of  sino  ZoS,  lu  the  form  of  a  yellowish- 1 
white  powiler,  remains.  Sulphide  of  sine  is  found  abundantly  ii%| 
nature,  forming  a  browoiah-yellow  translucid  mineral,  erystallizedt] 
in  r«gular  ootuedrons,  or  cabo>octahedron?,  and  called  blende. 


COMPOtTND  OF  ZtNC  WITH  CBLORINE. 

§918.  Zinc  is  eakilyacted  on  by  gaseous  chlorine,  and  MSl 
into  a  while,  butjroua,  very  fu«ible  substsace,  which  distils  onlj 
at  a  red-heat.  This  chloride  is  obtained  in  solution  in  water,  by 
treating  zinc  with  chloruhydnc  acid,  when  the  solution,  ou  being 
evaporated  and  cooled,  bocomca  crystalline.  Chloride  of  zino  ia 
soluble  in  water  and  in  alcohol  to  such  an  extent,  that  when  no 
aqueous  solution  of  the  salt  is  concentrated  by  ebullition,  the  tem- 
perature rises  continually  to  4^2°,  at  wbicn  point  the  cblorido 
becomcii  anhydrous,  but  elill  presorvee  its  liquid  state.  This  pro-. 
perty  suggests  the  use  of  a  solution  of  chloride  of  sine  instead  of  1 
oil,  for  hatha  in  which  substances  are  to  be  heated  to  a  high  butj 
certain  temperature. 


DETERMINATION  OP  ZINC,  AND  ITS  SEl'AIUTION  fKOM  THE  METALS 
PRKVIOUSLY  STCDIKD. 


§919.  Zinc  is  generally  precipitated  from  its  solutions  by  car- 
bonate of  soda,  after  which  the  liquid  is  boiled,  and  the  gclaiinoufl 
precipitate  of  hydrocarbon  ale  of  zinc  washed  with  boiling  water^ 
when  it  is  determined  in  tho  state  of  oxido  after  culcinstion.  If' 
the  liquid  contains  maeli  ammuniacal  salt,  it  must  be  evaporated  to 
dryness  with  au  excess  of  CMbonato  of  soda,  and  thoo  treated  with 
water. 
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Zijic  is  frequently  prccipilat«(l  as  eulpliiile  hy  sulfhydratc  of 
ammonia;  when  tho  precipitate  is  washed  with  water  containing  n 
small  qaantity  of  the  sulf  fa^ilnite,  in  order  to  prevent  tho  format 
iion  of  sulphate  of  zinc  hj  contact  with  the  air.  The  h^dmtcd 
ratphida  is  redissolred  in  ehlurohyiiric  aoid,  and  the  mac  precipi- 
tated hy  carbonate  of  eoda  as  carbonate. 

§920.  In  general,  zinc  is  separated  from  tiie  alkalies  and  alka- 
line earths  by  incaos  of  ealfbydrato  of  ammonia,  which  precipitates 
tb«  zinc  odI/  as  sulphide;  but  it  la  moro  readily  separated  from 
baryta  by  means  of  sulphuric  acid.  Lime  may  also  be  soparatod 
from  oxide  of  zinc  by  adding  to  tho  litjuid  containing  the  two 
bas«s  an  excess  of  ammonii,  and  some  oxalate  of  ammonia,  which 
precipitates  only  the  limo  in  tho  state  of  oxalate  of  lime,  while  the 
oxide  of  sine  remains  in  solution  in  the  excess  of  ammonia. 

The  separation  of  oxido  of  sane  from  magnesia  is  effected  by 
■Beans  of  autfhydrate  of  ammonia,  the  precaution  being  used  first 
Ivadd  so  ammoniacsl  salt  in  sufficient  quantity  to  the  liquid  to 
pnwflt  ths  precipitation  of  the  magnesia  by  ammonia. 

Oxido  of  zinc  is  separated  from  alumina  by  ammonia  in  excess, 
which  dissolTcs  the  former  and  precipitates  the  alumina,  while  a 

Kfect  reparation  is,  bowerer,  difficult,  as  aJumina  is  slightly  so- 
le in  ammonia. 

Oxide  of  zioo  ia  separated  from  oxide  of  maugaaese  by  caustic 
potassa,  which  rcdissolve^  the  former  and  tea\'es  the  oxide  of  man- 
gUkeae,  espcciaiily  if  the  liquid  is  left  exposed  to  the  air  for  some 
time,  so  that  tbu  protoxide  of  manganese  may  be  changed  into  aes- 
qiioxide.  The  separation  is,  however,  rarely  effected  perfectly,  the 
oxide  uf  maogancse  alwa^-s  retaining  some  oxide  of  zinc  ;  and  the 
precipitate  must  bo  redisaolved  in  chlorohydric  acid  and  precipi- 
tated anew  by  an  excess  of  potansa. 

in  order  to  separate  tine  from  iron,  the  latter  metal  is  first 
brought  to  tho  state  of  a  sciquisalt  by  means  of  nitric  acid  or 
^onoe,  and  then  ammonia  In  excess  ih  added,  which  redissolvea 
tbe  oxide  of  zinc  and  precipitates  only  the  hjdrated  eesquioxide 
of  iron.  It  is  veil  to  redissolve  the  oxide  of  iron  in  an  acid  and 
precipitate  it  a  eocoad  time  by  ammonia  in  excess,  as  the  email 
qaantities  of  oxide  of  zinc,  which  in  tho  lirst  precipitation  had  been 
evried  down  with,  the  sesquioxido  of  iron,  are  thus  separated. 

The  separation  of  zinc  from  cobalt  and  nickel  is  more  difSculc. 
The  best  plan  consists  in  precipitating  the  met&ls  together  by  car- 
iooate  of  soda,  and  weighing  tLem  in  the  state  of  oxides  after  cal* 
eiutioD.  The  mixtiire  of  oxides  is  then  placed  in  a  glasa  globe  D 
(Ig.  522),  terminating  in  a  curved  end  bed,  which  descends  to  the 
level  of  a  small  quantity  of  water  in  the  bottle  E,  and  a  current  of 
dried  chlorohydric  add  gas  is  pu&sed  through  the  tube  ah,  while  the 
globe  I>  19  heated  by  on  alcohol-himn.  !Tbo  oxides  are  thus  changed 

nto  chlorides,  when  the  oUlorido  of  unc,  beiogvery  volatile,  distib 
Voi-tL-X  10 
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over,  and  condensee  in  the  tube  bed  &nd  in  the  water  in  the  bottlfl,-^ 
The  cliloridc])  of  cobult,  or  nickel,  on  tlie  contrary,  remain  in  the 
glob«  D.     At  the  close  of  the  operation,  the  tube  bed  h  detached:] 
and  thrown  into  the  bottle  K,  when  nil  the  chloride  of  zinc  is  dia 
solved;  while,  on  the  other  bund,  the  globe  D  la  heatod  with  acidi 
lated  water.    The  metals,  being  thus  separatelir  dissolved,  are  pro-^ 
cipitated  in  the  ordinary  manner. 

METALLUROV  OF  ZINC. 

S  921.  CaUtnine  >9  the  principal  ore  of  sine.  Silicate  of  ztno  is 
frequently  mixed  with  calamine,  but,  as  it  yields  very  little  motal> 
lie  sine,  should  not  be  rc>;arded  as  a  true  ore.  A  certain  quantity 
of  zinc  is  extracted  from  blende.  The  principal  mines  of  ainc  ar* 
those  of  Tarnowiti!,  in  Siloeia,  Vieillo  Montagne,  near  Iii^«»  and 
scTpral  counties  in  England. 

The  theory  of  the  mctallurgie  trcatm&at  of  calamine  is  veir 
Biiople  :— The  or«  is  calcined,  by  which  process  its  cnrbonic  acid  a 
driven  off  and  it  is  rendered  friable,  after  which  it  is  powdered  in 
min§  with  edge-stones,  and  the  powder,  mixed  with  charcoal,  is 
heated  in  earthen  retorts  in  a  furnftce  to  a  strong  whitc-hcat-  The 
oxide  of  zinc  is  reduced  by  the  charcoal,  while  carbonic  oxide  gas 
is  disengaged,  and  the  metallic  nine  condonses  in  allonges  fitted  to 
the  rcttorts. 

§  922.  The  ore  of  Vieille  Montagne  is  a  mixture  of  silicate  and 
carbonate  of  kioc,  being  somotimefi  compact  and  Bometimcs  crys- 
tallized. The  gangue  ooneists  exclusively  of  elsy,  in  amorphous 
muBsett,  Bcatlervd  through  tho  fragments  of  calnmiiic.  The  ore  is 
exposed  to  the  air  fur  sovcrat  mouths,  to  allow  the  clay  to  rot, 
after  which  it  is  t-Qsily  separated ;  while  sometimes  it  is  washed, 
and  the  clay  in  this  manner  almost  entirely  removed.  Two  classes 
of  ore  are  distinguished,  according  to  their  aspect  and  chemical 
composition,  the  white  ore  and  red.  ore,  the  latter  of  which  con* 
tains  more  iron  than  the  first,  and  is  less  rich  in  ztnc,  bat  more 


HBTALLCBOT   OP   ZINO.  14? 

«uUj  Tork«d.     The  foUowiog  is  the  irersgo  corapodtion  of  tboM 
tTo  kindi  of  ore : 

WhlHon.  Bad  an. 

rt  ..       -  ,.      f  Zinc 46.8  88.6 

Oxide  of  imoJQ^yg^^ JJ7  g^ 

Silczandclaj 14.0  20.0 

W&ter  ftnd  carbonic  acid 22.7  SO.O 

Seaqoioudfi  of  iron 5.0  18.0 

100.0  100.0 

The  iraahcd  ore  is  c&Icined  in  coaical  kilns  (fig.  623)^  resembling 
limekilns,  nnd  lieated  by  two  lateral  fur- 
naces, covered  bj  an  arch,  and  terminating 
^^    in  8  canal  which  opoiiit  into  the  kiln  by  20 
''t    '  "^-^B    workiDg-holean,o,o,  arranged  in4or6roir8, 
^  „^  .  '[^  :^3    a«ch  opening  being  four  inches  square.  At 
"^    JSb  •i'-*  -^H    ^^^  lower  part  of  the  fornacc  are  two  ree- 
^-^^"  J    "^^    tangnlar  openings  A,  intended  for  the  re- 
moval of  the  roasted  ore,  while  two  eoac-iroa 

r^-iT-iH !_  plates  /,  /,  having  an  inclination  of  W, 

divide  the  descending  eoloma  of  oro,  and 
FSC.SS8.  facilitate  its  escape  from  the  kiln. 
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OaleinatiuD  is  oontinaouB,  and  tlie  ore  is  chargeil  from  abore,  the 
large  nnd  siniii]  pieces  being  60  miied  ns  to  allow  an  oasy  passagfi 
for  the  tiame.  The  ore  loses  during  the  calcination  itn  water  and 
carbonic  acid  ;  tlie  loss  being  about  25  por  ccDt.  The  kilns  are 
heateil  Kitb  pit-coal. 

The  calcinetl  ore  is  i{nc\y  powdered  In  odge-stono  mill»,  Bifled, 
and  then  sent  to  the  rcducinj?  fiirnaco. 

The  furnace  is  composed  of  four  kilns  joined  together,  the  shape 
of  each  being  that  of  a  cylindrical  cradle  A  (figs.  524  and  525), 
the  upper  edge  of  which  is  about  8.5  feet  above  tho  floor.  The 
l|iost«rior  part  of  the  furnace  is  made  hy  a.  wall  bd,  inclined  back- 
ward, while  the  anterior  part  ac  is,  on  the  contrary,  entirely  open. 
The  hearth  F  Is  below  the  floor  of  the  furnace,  into  wliich  the  flame 

, bv  4  holtfs  -0,  0,  and  at  the  top  of  the  Tall  are  two  flues  0, 

j,"wiiicli  open  into  a  chimney  in  the  centre  of  the  building.  The 
jehimnoy,  which  serves  for  the  4  kilns,  ia  divided  into  4  compart- 
I  nents,  each  having  itn  own  register  T.  In  each  furnace  42  retorts 
,  of  refractory  clay  are  arranged,  consisting  of  long  earthen  pipes  M 
'"  J.  526),  closed  at  one  end  rf,  3.4  feet  long,  with  «u  internal  din- 
er of  5.0  inche.i.  Into  each  tobo  ti  conical  cast-iron  pipe  ed 
[(fig.  527)  is  inserted,  which  acts  aa  a  condenaer,  and  to  which  is 


Fig.  628. 
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Fig-  628. 


fitted  a  second  conical  sheet-iron  pipe  ^  (fig.  528),  liaring  at/  an 
opaning  of  only  0.8  inch.  The  earthen  pipes  arc  arranged  io 
me  Idln  in  8  rows  above  each  other,  their  closed  ends  re.iiing  tn  8 
projecting  edges  built  in  the  back  wall  bd  of  the  oren  (fig.  524). 
On  the  front  nail  ac,  which  is  open,  arc  arranged  8  cast-iron  plates, 
supported  by  bricks,  and  intended  for  the  receptioo  of  the  anterior 
part  of  the  tubes,  which  are  slightly  inclined  forward.  The  kilns 
are  kept  burning  for  2  months,  after  which  they  generally  need 
repitiriog. 

In  order  to  atnrt  &  now  furnace,  the  open  face  of  the  kiln  ia  first 
closed  with  brickbats  and  broken  tubes,  and  cemented  with  mortar, 
after  which  it  is  heated  for  several  davg,  at  first  gradually,  and  then 
to  a  white-heut  After  4  days  of  preliminary  heatiug,  the  tubes  are 
introduced  by  removing  the  tinlerior  part  of  tho  furnace  and  lur- 
ranging  thi-ui  after  llicy  have  bi-tn  previously  heated;  tho  inter- 
Bticod  botneeu  tho  tubes  and  the  anterior  ccmuartmcnt  through 
which  they  pass  being  luted  with  mortar;  and  lastly,  the  «onical 
allonee  being  adapted  to  each  tube. 

WncQ  the  crucibles  are  currangcd  in  the  farntoe,  a  small  qasntity 
of  ore  and  charcoal  ia  first  introduced,  these  charges  Iwing  succes- 
sively tQcroased  until,  after  eeveral  days,  tho  regular  work  of  tli« 
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furnace  begins.     Thu  period  of  the  operatioQ  is  that  vhieb  vQl 
aloQQ  occup;  our  att«nUoa. 

The  ore  is  brought  in  a  wooden  box,  -where  it  is  mixed  with  char- 
coal, atid  a  little  water  added.  The  charge  of  ft  furnaco  consiata 
of  10  cwt.  of  calcined  calaoiiite,  and  5  cwt.  of  dried  putverised  pit- 
coal,  which  sabstaneea  are  intimately  mixed  with  an  iron  shovel. 
The  residue  of  the  preceding  di$titlalion  is  removed  from  flMh 
tube,  which  then,  with  its  cast-iron  receirer,  ia  cleaned  bj  mens 
of  an  iron  rod.  The  lower  tubes  are  first  charged.  The  mixtTire 
M  introduced  by  means  of  semi-cylindrical  sheet-iron  ahovoU  (fig. 
^),  fastened  to  an  iron  handle  ;  and  when  the  chai-giog  i»  com- 


Fig.  irs. 

pieted  the  fire  is  blown  up.  A  large  quantity  of  carbonic  oxide  18 
BMD  disengaged,  and  bums  with  a  blue  Hamc  at  the  openings  of 
Hit  cftit-iroa  rcceivere,  while  in  a  abort  time  this  tlame  becouM 
more  brilliant,  of  a  green  ish-w  hi  tc  colour,  and  evolves  white  fumes, 
which  is  a  sign  that  the  dtelillation  of  the  zinc  has  commenced,  and 
that  it  is  time  to  fit  the  ehcct-iron  allonges  to  the  tubes.  Whatever 
eu«may  be  taten  to  obtain  a  uniform  temperatures,  the  beat  is  always 
grester  ia  some  parts  of  the  kiln  than  in  others  ;  for  nhich  reason 
the  upper  tubea  are  charged  only  with  the  red  ore,  as  being  the 
most  easily  reduced,  while  the  white  is  introduced  into  the  lower 
ODM.  After  2  hoars'  firing,  the  workman  detaches  the  sheet-iron 
allongea,  and  shakes  them  over  s  t^heet-iron  receiver,  when  a  dost 
of  nno  aod  oxide  of  tine,  called  eadmie,  fallx  down,  which  is  added 
to  tbo  ore  in  the  succeeding  operations.  Au  assistant  then  holds  a 
large  ahect-Iron  spoon  (fig.  580),  called  \  poSlon,  near  ilie  opening 
of  each  caat-iroD  receiver,  while  the  master  workman  introduces  an 
iron  rake,  with  which  he  draws  out  the  distilled  sine,  which  has  ac< 
cumulated  In  a  liqaid  state  at  the  bottom  of  the 
allonge,  and  in  the  same  wav  detaches  the  drops 
adhering  to  its  sides.  The  liquid  zine  collected 
**  in  the  pollons  is  corcred  with  metallic  Hcum,  con- 

ristiog  chiefly  of  oxide  of  *ine,  which  is  cjircfully  removed,  and  the 
Eine  ran  into  rectangular  moulds,  in  pieces  weighing  from  60  to 
70  lbs.  The  sheet-iron  allonges  are  unmediatcly  replaced  and  the 
fire  continued.  In  2  bourB  a  second  drawing  is  made,  and  so  on 
nntil  d  o'clock  P.  M.,  when  the  operation  is  generally  terminated. 
The  tubes  arc  then  cleaned,  and  new  oucd  nubstituted  for  those 
destroyed  in  the  preceding  operation.  Two  operations  are  thus 
tnade  in  3-1  hours,  prcKtuciug  together  about  6  cwt.  of  zinc  and  30 
to  SO  lbs.  of  metallic  dust ;  so  that  by  this  treatment,  calatnina 
;delds  aboat  -31  per  cent,  of  uac,  about  10  per  cent,  remaining  in 
the  residue.  The  metal  contained  in  the  rendue  existed  in  the 
Wato  of  silicate  of  zinc,  which  ia  not  reduced  by  the  charcoaL 
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Tbc  greater  part  of  mmiufacturcd  zinc  Wing  used  in  the  alispe 
of  rolled  zitic,  it  is  nocosgary  agnin  to  melt  itio  ingotg,  which  ii 
done  in  a  rorcrbcrotory  furnace  witU  an  elliptical  floor  of  rofrao- 
tory  clay  and  slightly  inclined  backward.     At  the  loweet  part  of 
tho  floon  is  »  bcmispDcricat  crucible  in  wbicli  tbo  molted  sine  col-! 
lects,  and  from  which  it  is  dipped  out  and  run  into  moulds  of 
suitable  form  for  roUtug.     The  pUtei  tre  being  rohoktcd  in  ft : 
second  ftirnaco  adjoining  the  first,  by  means  of  tbe  bot  gues  of  tbe 
former,  and,  when  tliey  nave  reached  a  tcmpcraluro  not  exceeding  ] 
212",  arc  pussed  between  cast-iron  rollers.     When  they  are  of  I 
suitable  siic,  they  are  cut  into  rectangular  sbeeta  of  tho  dimcn- 
sioDB  required,  the  clippings  being  again  fused.     Formerly,  aino^ 
vas  fused  in  large  cast-iron  pots,  which,  honover,  soon  boCRtne' 
perforated,  while  the  ziuc  loat  many  of  its  qualities  by  being  com-j 
bined  with  a  small  quantity  of  iron. 

§  923.  The  furnucca  and  dietilUng  apparatus  uacd  in  SttcBla  dtf- ! 
fer  essentially  frum  tlioso  in  fiolgiuui.     Fig.  531  gives  a  view  of  aj 
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Sileatan  furnace,  of  whicli  fig.  582  ig  a  vertical  section.  The  disttll»- 1 
tioQ  ia  effected  iu  muffles  of  baked  clay  M  (figs.  5S3  and  534),  aboiit^ 
3  feet  in  length  and  1.5  feet  in  height,  the  anterior  part  of  which 
has  2  openings :  the  lower  opening  a,  through  which  tho  rcaidae 
of  distillation  is  withdrawn,  is  otoseu  during  the  operation  by  a  eta^ 
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tted,  while  into  the  upper  opeaing  s  rigKt  angled 
Iftj  tul>«  bcJ,  cl(»«<t  at  d,  is  introclitc(^d.     Tho  oro  is  charged  with 
:*  uorcl  tlirough  »  hole  e,  which  is  closed  during  the  distillation 
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irith  a  baked-cUy  stopper.    Six  or  ten  maffics  are  arranged  in  two 

towt  in  B  kiln,  the  nide  wnllt  of  which  have  aperturex  for  their  p&a- 

ttge,  which  arc  closed  b;  sheet-iron  doors,  preTenting  too  Budden 

■  cooling  of  the  allonge-H  i^if.      The  kiln  is  heated  with  pit-coal 

IboroedoD  the  grate  G,  and  they  are  charged  with  a  mixture  of  cqnal 

wria  of  catoiDed  calatnino  and  charcoal  cinders,  which,  having 

nllen  through  the  grate,  are  immediately  extinguished  in  wat«r 

{ilsced  beneath.    No  pQlrerieed  pit-coal  ia  used,  lest  any  ooal-duat, 

urriad  by  the  current  of  gna,  should  obstniot  the  allonges;  and 

IkafliluniDe  itself  is  reduced  to  the  size  of  a  pea.     The  sine  rune 

through  the  opening  (2  of  the  allonge,  and  is  collected  in  the  epnces 

'  of  the  furnace.     Although  the  operation  lasts  only  24  hours,  the 

DoQlei  are  not  emptied  until  aAer  three  operations,  when  a  half- 

(wd  greenish  muss  is  extracted  as  a  residue.     The  calamine  ia 

rautediD  reverboratory  furnaces  heated  by  the  waste  flame  of  the 

redaciog  furnace.    SUcaia  furnishes  the  greater  portion  of  the  zinc 

*i>ich  is  brought  into  commerce. 

t!>24.  Id  tSe  Belgian  and  Silcsian  processes,  the  diettllntion  of 
1^0  line  is  effected  per  aaeenaian,  while  llie  process  employed  in 
Kngland  fumishcK  an  exnmplo  of  distilla- 
tion per  iieacenaum.  The  reducing  fur- 
naces, resembling  very  mnch  the  ordi- 
nary  glass-fumaoe,  being  circular  (fig. 
5&5),  and  having  the  hearth  F  in  the 
middle,  at  a  certain  distance  below  the 
floor  of  the  furnace.  The  ore,  mixed 
with  charcoal,  ia  charged  in  the  omcibles 
c,  which  are  arranged  around  the  hearth, 
and  introduced  through  several  apertures 
in  the  arched  roof.  There  is  &  hole  in 
the  bottom  of  each  crucible,  into  which 
an  iron  tube  tt,  passing  through  an  aper- 
ture in  the  floor  of  the  furnace,  and  open- 
ing externally,  is  introduced.  The  upper 
opening  of  the  tube  is  closeil,  before  the 
Fig.  US.  charging,  with  a  wooden  stopper,  which, 

\j  becoouBg  carbonized  during  the  operation,  is  auffieiently  porous 
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to  allov  the  gseeoas  sine  to  escape,  while  the  ore  is  still  retained ; 
and  each  pot  is  covered  with  a  lid  accurately  luted  with  claj.  The 
distilled  zinc  condenses  in  the  iron  pipe  tt,  and  drops  into  a  sheet- 
iron  receptacle  beneath,  an  iron  rod  being,  from  time  to  time,  in- 
troduced to  detach  the  zinc  which  may  hare  become  solid,  and 
might  ultimatelj  choke  the  tubes. 

§  925.  A  certain  qoa&titj  of  zinc  is  also  extracted  from  blende, 
which  is  found  in  large  quantities  in  Beveral  localities,  after  roast- 
ing the  blende  as  perfecUj  as  possible,  first  in  heaps,  bj  which  the 
greater  portion  of  the  sulphar  is  removed  and  the  ore  is  rendered 
Terr  friable,  and  then  in  a  reverberatorj  furnace,  bj  which  the 
oxidation  of  the  zinc  is  completed.  The  roasted  ore,  which  eon- 
sists  of  oxide  and  sulphate  of  zinc,  is  reduced  by  charcoal  in  a  dis* 
tilling  apparatus,  in  the  same  manner  as  calamine. 
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EoorvAi-MT  =  66  (700;  0  =  100). 

§026.  Cadmium*  bt  a  m«Ul  still  moro  volatile  than  zinc:  it 
distils  at  a  rcd-hcat,  and  the  distilUtioD  may  be  effected  in  giaas 
ntoris  which  arc  difficult  of  fusion.  In  order  to  obtain  pure  cad- 
■ini,  a  mixture  of  oxide  or  carbonate  of  cadmium  and  charcoal  u 
lutod  ia  A  retort,  when  tbo  cadmium  aublimcB  and  condenses  itt 
drop!  in  the  neck  of  the  retort.  The  Small  dropa  often  crystallite 
QH  tolidifying,  the  crystalline  form  of  the  ractaJ  bcloDglng  to  the 
regular  system. 

Cidmiam  ia  a  white  metal,  rather  moro  gray  than  tin,  and  poa- 
"^  a  considerable  di_'gret!  (jf  malloabilitj  and  ductility.  Its 
\»  6.7,  and  it  fu£ca  long  before  reaehiiie  a  re<l-heat.  Cad- 
niitini  doea  not  oxidize  appreciably  at  the  ordinary  temperature, 
bntDD  being  heated,  its  vapour  ignites  and  burns  irilfa  brilliancy. 
CMorohydnc  and  dilute  sulphuric  acid  dissolve  it  with  the  ovoln- 
tlon  of  hydrogen  gas. 

COMPODND  OP  C.IDMTUM  WITH  OXYOBN. 

i927.  The  only  oxide  of  cadmium  known  ig  obtained  cither  by 
Iitatbg  the  metal  in  the  air  or  by  treating  it  with  nitric  acid,  and 
l)m  deoomDosing  the  nitrate  by  ticat.  The  oxide  forms  a  brown 
pnder,  which  resists  the  highest  temperature  without  vuUtitixing 
orDeltiag,  and  which  readily  combine!^  with  acids,  forming  oolovr- 
t<H  salts,  unless  the  acid  itself  is  coloured.  Ciiualio  poLassa  or 
toila  elTects  a  white  precipitate  with  salts  of  cadmium,  consisting 
of  liydrated  oxide  of  cadmiom. 

Oude  of  cadtnium  is  composed  of 

Cadmium 87.fi 

Oxygen lg.5 


'  *!ieikce  its  equivalent  is  inferred  to  bo  56. 
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SjaTS  FOUMED  BY  OSJDS  OP  CADUIVU. 

J928.  The  saltaof  cadmium,  the  greater  number  of  which  readily 
(IJitallBe,  are  colourless.  The  fixed  alkalies  precipitate  them 
ftma  their  solutions  as  gelatinous  hydra.ted  oxide,  which  does  not 
n^inolTe  in  ui  excess  of  Che  reagent.    Ammonia  affords  the  same 
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precipitate,  but  frQ  exc«ss  of  ammonia  euily  redigsolv«s  it.  Tho 
alkaline  c&rbonatea  yield  a  nbitc  precipitate  of  nuutrul  carbonate 
of  cadmium  CdO,CO„  insolubia  in  aa  excess  of  ibc  rcageot.  Sulf- 
hjfdric  acid  throws  doum,  even  in  tbc  presence  of  a  considerable  ex> 
ceaa  of  acid,  a  very  bflaattfiil  yellow  precipitate,  vrliile  the  alkaline 
sulfhydrates  afford  th«  aame  precipitate,  vtbicli  is  insolable  in  an 
excess  of  aulfhydrate.  A  llaae  of  iine,  dipped  into  a  solution  of 
a  ftftlt  of  cadmium,  prccipitatoa  the  metal  in  the  form  of  crystalline 
flpanglei;. 
Sulphate  of  cadmium  cryatallizca  Titb  4  equiv.  of  wat*r. 

CWMFOUNl)  Of  CADMIUM  WITU  SULPUUB. 

{  92B.  Sulphide  of  eadmium  is  found  crystaHised  in  nature,  bub 
is  a  rare  mineral.  It  is  obtained  artificially  by  passing  a  current 
of  Bulfhydric  acid  gas  throTigh  a  solution  of  a  salt  of  cadmium,  i 
Tlio  beautifully  yelluw  prooipitatu  thrown  down  is  us«d  in  paint* 
ing.  Sulphide  of  caduiium  is  also  prepared  in  the  dry  way,  by 
heating  oxide  of  cadmium  with  sulphur.  The  sulphide  la  not  at- 
tacked by  dilute  chlorohydric  acid,  but  dissolves  in  the  concen- 
trated aoid  with  the  evolution  of  hydrogen  gas. 

COMPOUSD  OF  CADMinM  WITH  CHLoaiNR. 

§  930.  Chloride  of  cadmium  is  obtained  by  h«aling  the  metal  in 
a  current  of  chlorine,  when  a  white  fuaibla  substance  is  formed, 
which  sublimes  when  further  heated.  By  disiiolving  cadmium  in 
chlorohydric  acid,  or  in  aqua  regia  with  an  excess  of  chlorohydric 
acid,  a  solution  of  liydrated  chloride  is  obtained,  which  crystallizes 
roadily,  and  loses  ita  water  by  heat,  without  being  decomposed. 


DETERMm.\TIOK  OP  CADMIUM,  .\ND  ITS  BKPARATIOK  FUOM  THE 
METALS  PBEVIOUSLY  STUDIED. 

§  981.  Cadmium  is  determined  in  the  etate  of  calcined  oxido  of 
cadmium,  and,  when  it  exists  in  ioUition,  i»  precipitated  by  car- 
bonate of  soda  at  the  boiling  point.  The  precipitation  is  complete, 
even  when  the  liquid  contains  nmmoniacal  salts. 

Cadmium  is  easily  separated  from  all  the  motolawo  hsTO  hither- 
to studied,  by  pagsing  a  current  of  sulfhydrie  acid  gas  through 
the  solutions,  which  muet  be  slightly  acidulated  by  a  mineral  acid. 
The  precipitate  of  sulphide  of  cadmium  formed  is  washed  with 
water  containing  a  email  quantity  of  sulfhydrie  acid,  and  then  rc- 
dissolved  In  nitric  acid,  and  the  hot  solution  precipitated  by  car- 
bonate of  soda. 

EXTR.40TI0N  OF  CADMIUM. 

§932.  Cadmium  occurs  in  nature  as  oxide,  or  carbonate,  spar* 
ingly  scattered  through  calamine,  and  is  most  abundantly  found  in 
that  of  Silesia.    When  iinc  is  extracted  from  this  ore,  the  cadmium 
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ii  rednoed  at  the  ume  tune,  and,  as  it  is  mach  more  volatile  than 
nno,  ia  fint  disengaged,  and  bamB  in  the  air  with  the  first  portions 
of  nna  that  are  lil^rated,  Trhen  a  more  or  less  brownish  dust  is 
formed,  composed  of  oxide  of  sine  and  5  or  6  per  cent,  of  oxide  of 
cadmium.     This  oxide  is  mixed  with  ^  of  its  weight  of  charcoal, 
ud  then  heated  to  redness  in  iron  tabes,  when  the  greater  part  of 
the  une  remains  in  the  residue,  becanse  the  temperature  is  not  snf-' 
fioenth  high  to  volatilixe  it,  while  the  eadmiom  distils  with  a  por- 
tion of  the  xino,  and  ooodenses  in  a  second  sheet-iron  tabe  which 
acta  as  a  receiver.   By  subjecting  the  product  to  another  preoisely 
nmikr  operation,  cadmium,  containing  onlj  a  few  hundredths  of 
line,  is  obtained.     Its  parity  is  ascertained  by  striking  it  with  a 
bminw :  a  rery  small  quantity  of  ainc  deprives  it  of  its  mallea- 
Wn.    The  porifieatiou  of  the  metal  is  completed  by  dissolving  it 
ia  ttlorohydno  acid,  and  then  precipitating  it  by  a  blade  of  nno. 
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TIN. 
BQtnT4LKNT^58  (726.0;  0  =  100). 

S  933.  Common  comraercial  tin  ia  tieror  absolutely  pure,  sa  it 
alw&ya  contains  small  quantities  of  arsenic  and  other  foreign  me- 
tals; but  Malacca  tin  ia  nearly  perfectly  pure.  In  order  to  obtain 
chemically  pure  tin,  the  metal  of  commerce  is  treated  with  nitric 
acid,  vrliicli  converta  it  into  an  insoluble  white  powder  constating 
of  atajrintc  acii,  and  which  oxidizes  foreign  sabiilancea.  The  stannic 
acid  is  reduced  to  tlio  metallic  state  by  heating  it  in  a  "brasqued" 
crucible,  after  being  washed  with  weak  chlorobydric  acid  to  remOTe 
more  certainly  the  foreign  Hubatancce. 

Tin  is  a  wliito  metal,  resembling  silver  in  its  appearance  and 
lustre,  and  possessing  a  certain  cbaractcristio  tatitc  and  smell,  par- 
ticularly wben  held  for  eome  time  between  the  fingers.  It  ia  vcrr 
malleable,  and  may  be  beaten  into  cxoecdingly  thin  sheets,  its  mal- 
leability being  greater  at  212°  than  at  the  ordinary  temperature; 
but  il9  tenacity  is  very  feeble,  for  a  wire  of  2  millimetres  breaks 
under  a  weight  of  24  kiloga.  On  bendini;  a  bur  of  tin  a  peculiar 
noise  18  hoard,  called  tho  en/  of  tin,  which  is  owiuc  to  the  inter- 
nal crystalline  texture  of  tnc  metal.  The  crystolltnc  particles 
mb  upon  each  other  when  the  bar  ia  bended,  while  the  latter  be- 
comcd  heated  at  tho  point  of  this  internal  friction ;  and  if  the 
bending  is  repeated  several  times  at  tho  same  spot,  the  evolnttoo 
of  heal  becomes  ecnfiiblo  to  the  hand. 

Tin  fuses  at  442.4'^,  giving  off  at  a  white-Iioat  appreciable  ts. 
pours  of  very  feeble  tension,  for  the  metal  suffers  but  a  slight  loss 
at  the  temperature  of  a  forge-fire.  Tin  has  a  great  tendency  to  crys- 
tallization, and  its  cryBtalline  tcxturo  is  easily  demonstrated  by 
attacking  ita  surface  by  an  acid  which  removes  tho  outer  pellicle. 

Tho  surface  of  the  metal  then  appears  to  be  vfot^red,  in  conse- 
quence of  the  unequal  and  various  rcUcctiona  of  light  by  the  edges 
of  the  crystiilliiie  kniitirt-  exposed  by  the  acid.  Tin  may  be  orys* 
tallized  by  fusion,  by  melting  eevural  pituoda  of  tha  metal  in  a  res* 
sel,  and  nllowiug  it  to  cool  slowly  over  a  heated  sand-bath.  When  a 
eolid  cruat  has  formed  on  the  surface,  it  is  pierced  with  a  burning 
coal  and  the  liquid  portion  evacuated,  when  quite  large  crystnUot 
tin,  which,  however,  arc  rarely  well-defined,  arc  often  found  on  the 
sides  of  the  vessel. 

By  precipitating  tin  by  means  of  the  galvanic  current,  it  may  bo 
obtained  in  long  brilliant  prismatic  crystals,  the  form  of  which  baa 
not  yet  been  exactly  determined.  For  this  purpose  a  concentrated 
eolation  of  protoohlortde  of  tin  is  poured  into  a  glass,  and  above  it 


PftOPBRTIBS  OP  TUB   MKTAL. 


15T 


a  itr&tam  of  frcsli  water  I's  carefolty  placed  ;  after  irbtch  a  blade 
of  lb,  which  traverses  both  Btrata,  is  introiiucetl  into  tlie  j;la>s, 
Ttten  the  blade  of  tin  bood  becomes  covered  with  very  brUJiaDt 
metallic  cryat&ln.  ; 

Tbe  density  of  tin  is  T.29,  and  is  not  seaubly  increoeed  hy  the 
kuifnenng  of  the  metal. 

.  Tia  19  too  malleable  to  be  pulverized  in  a  mortar,  for  which 

on  tio  filings,  or  the  tin-leaf  employed  to  wrap  bcHifonji  and 

olate,  muBt  be  taken  when  the  Dictal  is  to  bo  uacd  in  a  &acly 

slate.     Fineljr  divided  tin  tnay  also  be  oblaiued  by  a  pecu- 

'poeess,  constating  in  beating  the  tnotal,  when  fused  in  a  cap- 
.  rapidly  with  a  large  brush  until  it  is  entirely  cool,  when  it  is 

laeed  into  very  small  globules,  which  may  be  scptirau>d   into 

Jea  of  various  ei»es  by  a  kind  of  levigatioa. 
f  Uln  does  not  sensibly  change  in  the  air  nt  the  ordinary  tempera- 
nm,  but  nl  its  fusing  point  becomes  quickly  covered  with  a  gray 
ftllicte,  which  is  a  mixtiue  of  protoxide  of  tin  and  stannic  acid. 
OxidalioD  takes  jilaco  lUDch  more  rapidly  at  a  higher  temperature, 
ttd  at  a  white-heat  the  metal  bums  with  a  white  flame.  Tin  de> 
MtBpOMf  aqueous  Tapour  at  a  rcd-hcat,  and  is  converted  into  stao- 
nicscid. 

Coneentrated  chlorohydric  acid  diftsolves  tin  with  the  diectigage- 
UKU  of  hydrogen  gas.  Dilute  sulphuric  acid  also  acts  on  it,  when 
liqt,  vith  the  erolutioo  of  hydrogen,  but  the  metal  oxidizes  rorv 
ihnrly.  Concentrated  hot  aidphuric  ucid  attacks  tin  rapidly:  eui- 
^nm  acid  is  disengaged,  and  the  metal  is  changed  into  proto- 
ioipbale.  Dilute  uitrio  acid  oxidizes  tin  readily  and  converts  it  into 
itauio  ncid,  while  the  coDCODtrated  acid  causes  a  copious  cvolu- 
tioi  of  dcutoxide  of  uitrogon.  If  the  acid  in  very  dilute,  the  tin  id 
oarerted  into  BUnnicackl  without  diecngagemeut  of  gas,  the  water 
tad  nitric  acid  being  simultaneously  decomposed  and  nitrate  of 
lonioaia  formed  {%  122) ;  but  when  the  acid  is  ot  its  maximum  of 
waceotration,  that  is,  in  tho  stata  of  monohydrate  N0,+  I10« 
tl  does  not  attack  tin  at  all,  and  the  metal  preserves  its  hril- 
liucjr.  But,  if  a  few  drops  of  water  be  poured  into  the  acid, 
tbe  r«aciioD  takes  place  with  extreme  violence,  and  the  Hiiuid  is 
frtqncAtly  eitraTasated  by  the  rapid  and  sudden  disccgagomont 
ofni. 

.\^a  regia  dissolves  tin  readily,  while,  if  chlorohydric  acid  pre- 
Jwainatea  m  the  mixture,  a  soluble  perchloridc  of  tin  is  formed. 

"Sn  decomposes  water  in  tho  presence  of  the  fixed  alkalies,  and 
imafnga  hydrogen  when  heated  with  n  concentrated  solution  of 
pMsaaa  or  soda,  while  an  alkidine  ntannntc  is  fortned. 

COMPOUNDS  OP  TIN  WITH  OXYGEN. 
I9M.  Two  well-defined  compounds  of  tin  with  oxygen  are 

T«a.II^-0 
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Protorido  of  tin  SnO. 
Binoxidc  of  tin  SnO„  or  stannic  acid. 

These  two  oxides  con  combine  with  each  other  and  produce  sei 
ral  intermcdiuto  compounds. 

Protoxide  0/  Tin,  SnO. 

S  985.  ProtoxiJe  of  tin  is  prepared  by  precipitating  &  Bolntion 
of  the  protochlorido  SnCl  by  carbonate  of  ammonia,  when  car- 
bonic acid  is  disengaged,  and  a  white  precipitate  of  hydratcd  prot- 
oxide is  tbrown  doTn.  If  the  linuid  be  boiled  with  tbo  preci[M- 
tatc,  the  latter  gives  off  ItA  irater  of  combination,  and  is  converted 
into  a  blackish-gray  powder,  consisting  of  anhydrous  protoxide, 
■which  haa  great  affinity  for  oxygen,  as  it  oxidizcB  rapidly  in  the 
air,  and  is  converted  into  stannic  acid.  The  oxide  is  obtained  in 
ft  state  of  greater  aggrogntian,  and  consequently  more  fixed,  by 
precipitating  protochloriae  of  tin  by  caustic  potassa ;  when  tlie 
ozido  is  first  separated  in  the  hydrntcd  state,  and  combines  vrith 
the  excess  of  potussa  to  form  a  true  salt,  in  which  it  acta  the  part 
of  an  acid.  But,  by  boiling  the  liquid,  this  combination  is  de- 
stroyed, and  the  oxide  is  precipitated  in  the  anhydrous  state, 
in  the  form  of  small  black  crystals,  which,  after  being  washed 
and  dried  in  the  air,  remain  unchanged  for  any  length  of  time. 
When  this  substance  is  heated  in  nn  oil-bath  to  about  482°,  it 
suddenly  decrepitates,  increuacs  coneidcrably  in  volume,  and  ia 
converted  into  a  number  of  smalt  brown  lamin»,  which  are  soft 
to  the  touch.  The  oxide  Iton  not  changed  in  weight  during  the 
transformation,  and  has  only  passed  into  an  iaoineric  modtfica- 
tiOD ;  so  that  this  phcnomonon  must  be  attributed  to  a  molecular 
movement,  caused,  probably,  by  ji  change  in  the  crystalline  sys- 
tem. The  brown  modification  of  protoxide  of  tin  is  itnmediately 
obtEbincd  by  precipitating  a  solution  of  protochloridc  of  tin  by  an 
excess  of  ammonia,  and  boiling  the  liquid,  when  it  is  evaporated  in 
vacuo.  Tbo  solution  of  the  protoxide  in  potassa  deposits  black 
crystals  of  the  first  nnodification  of  the  oxide  ;  while  if,  on  the  con- 
trary, a  solution  of  the  protuxidc  of  tin  in  potassa  be  highly  con- 
centrated by  rapid  boiling,  the  oxide  is  docoiuposed  intu  metallic 
tin  which  is  separated,  and  stan&io  ncid  which  remains  combined 
with  the  potassa :  -, 

2(KO,SnO)  =  Sn-f-K0,SnO,-(-K0.  9t 

Lastly,  protoxide  of  tin  maybe  obtained  in  the  form  of  a  red  pow- 
der, by  decomposing  the  protochloride  by  ammonia,  boiling  the  liquid 
a  few  monieuts,  and  then  evHiporating  it  at  a  gentle  heat ;  the  prot- 
oxide of  tin  is  converted  into  small  grains  of  a  beautiful  red  colour, 
under  the  influence  of  the  sal-ammoniac  formed  during  the  reaction. 
The  red  oxide  is  changed  into  the  brown  modiiication  by  simple 
friction  with  n  hard  body. 
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Frotoxide  of  tia  ignites  liko  tioder  when  lieatcd  in  contact  with 
tli«  air.  and  ia  chan^  Into  sUnotc  acid, 
rrotoxide  of  tin  U  composed  of 

Till 87.88 

Oijgea 12.12 

100.00 

Theeq^uiralent  of  tin  ia  therefore  58. 

JStannic  Acid  SnO^ 

$936.  Stannic  acid  mtkj  be  obtained  under  two  isomeric  modifi- 
Itioba,  which  are  clearly  dietia^uished  from  each  other  b;  cbcmi- 
"  properties.  The  first  modification,  called  metattannie  acid,  ia 
(white  powder  obtained  by  treating  tin  by  nitric  acid  ;  while  the 
ond,  to  which  the  name  of  stannic  acid  is  given,  is  prepared  by 
ipoBtng  percbloride  of  tin  SnCl,,  by  vater,  or  a  soluble  stan- 
Ite  by  an  acid. 

ifttaHannie  aeid  la  found  cryRtallix^d  in  nature  in  some  of  the 

rocks,  forming  very  beautiful,  brilliant  crystals,  generally  of  a 

op  brown  colour,  and  yielding  a  yellowish  powder.     The  same 

bstance  is  obtained  by  oxidising  tin  by  nitric  aci<I,  when  a  whtto 

Dwder,  which  ia  a  hydrate,  is  formed,  but  which  changes  by  ealm- 

sa  into  anhydrous  metastannic  acid.     Uyijratcd  mi'tuHtuiiaio 

1,  socti  as  is  formed  by  the  action  of  nitric  acid  on  metallic  tin, 

cbcn  dried  in  the  air,  the  formala  SaO,+2UO.     It  losefl 

>-hair  of  iu  water  at  212°,  and  then  presents  the  eompoattion 

lO^+EIO,  while  it  loses  all  its  water  at  a  higher  temperature. 

Uetastaonio  acid  is  not  deeoniposeil  by  heat  alone,  but  is  readily 

kwrted  into  metallic  tin  by  contact  with  charcoal  and  the  com- 

stible  gases.     It  is  insoluble  in  water  and  in  dilute  nitric  and 

ilphoric  acid,  while  concent rat<.'d  eulphuric  acid  dissolves  it  in 

Onsiderable  proportions.     The  compound  formed  is  not  destroyed 

radding  water  to  the  liquid  ;  bat  by  boiling,  the  metastannic  acid 

in  the  state  of  hydrate  8nO,+2HO.     Chlorohydric  acid 

qIvh  it,  and  transforms  it  into  pcrchloride  of  tin  SnCl,. 

Uetwtanoic  acid  forms  crystallizablc  f.altswith  tlio  alkalies.    It 

alvcs  readily,  when  cold,  in  a  Hoiution  uf  potassa,  and,  if  frag- 

of  potassa  be  added  to  the  litjuid,  its  eolvcnt  power  is  bd  far 

(vnkened  aa  to  eaose  the  metastannate  of  potassa  to  be  deposited 

I  the  form  of  a  crystalline  cnut,  which  is  separated  and  spread  on 

I  pUle  of  ungtazed  porcelain,  when  the  mother  Kquid  which  moist* 

(■I  them  is  thus  ab«orbed.    Analysis  has  proved  the  formula  of 

thii  salt  to  be  K0,5SD0,-f  4110  ;  and  as  that  of  the  motaslannata 

tf  soda  is  aimilar,  the  conclusion  follows  that  the  equivalent  of 

..nsnie  acid  which  combines  with  1  c^uir.  of  the  base  is  not  SnO„ 

«  rather  SajO,o.     Metastannate  of  potassa  dissolves  in  water 

ithoat  change,  and  the  liciuid  leaves  after  evaporation  a  gummy, 
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unorystalline  resitlac.  Heftting  to  rcdnCM  deatrOTS  tEc  compound, 
Rod  tho  metaatannic  acid  becomes  anhjdrouB  aiid  insoluble,  bo  tlist 
w&lcr  will  only  remove  pure  potassa.  An  add,  poured  into  a  solu- 
tion of  an  alkaline  TnetHStauua.te,  precipitates  the  metaBtannic  acid 
in  the  form  of  a  {gelatinous  substfincc,  irhich  appears  to  contain  more 
water  than  the  hydrate  Sn,O,„+10HO,  andwaicb  is  soluble  in  am- 
monia, while  the  hydrate  Sn^O^+lOUO  is  not.  A  slight  clevatioi 
of  temperature,  inferior  even  to  that  of  boiling  water,  causes  thai 

f;elattnous  acid  to  pasa  into  the  state  of  the  hydrate,  which  is  it 
able  in  nmmonia. 

Stannic  ttcid  is  obtained  by  decomposing  percbloride  of  tin  hj\ 
ammonia,  or  a  eolublo  stannato  by  an  acid.  Il  n  a  white  gel»-] 
tinous  precipitate,  inxoluble  in  water,  but  readily  dissolving  ia 
dilute  nitric  and  sulphuric  acid,  winle  motastannic  acid  is  insolublo  j 
under  the  same  circumstances.  The  formula  of  stannic  acid,  drie^ 
in  vacuo,  ia  SaO^IlO.  A  slight  elevation  of  temperature  cause 
it  to  pass  into  the  meta^ttannic  modification,  even  without  losing  itaJ 
w«t«r. 

Stannic  actd  diei^olves  readily  in  alkuline  solutions,  and  the  liquid^] 
when  evaporated  in  vaouo,  yields  beautiful  colourless  and  transpa- 
rent crystals,  of  the  formula  KO,SnO,+4I10.     It  will  bcnce  ba. 
9e«D  that  stannic  acid  saturates  four  timos  as  much  hate  as  ai 
stannic  acid.     The  same  sale  is  obtained  by  heating  metastannic 
acid  with  an  excess  of  potaastt  in  a  silver  crucible,  when  the  mot 
stannic  i^  converted  into  stannic  acid.     The  coniplvlcm-ds  of  the' 
transform  at  ion  muj  eo-tily  be  ascertained  by  dissolving  a  smalLj 
quaatity  of  the  substance  in  water,  and  adding  an  excess  of  nitric 
acid;  when  the  stannic ncid,  which  at  first  is  precipitated,  is  redift-1 
solved  in  the  acid  Litjuid,  which  would  not  take  place  if  mctastannio^ 
acid  were  still  present.    Stannato  of  potassa  is  not  decomposed  bj 
heat  like  the  metoetunnic,  but  loses  ltd  wutor,  while  it  redissolvi 
in  water  without  chaui^e. 

S  987.  Several  oxides  of  tin,  intermediate  bctnccn  the  protoxide 
and  Btanaic  acid,  arc  known.  By  digesting  hydrated  metofitannioi 
acid  with  a  cc^ncCDtrated  solution  of  protoehlorido  of  tin,  the  li(|mcl 
becomes  strongly  acid,  and  the  mctostannic  acid  is  converted  into 
a  yellowish  powder,  which  may  be  considered  as  a  compound  of 
mctostannic  acid  and  protoxide  of  tin,  having  ttie  formula  BnO, 
Su,0,o+  IHO.  Another  iutermediato  oxide  of  tin  is  obtained  by 
mixing  hydrated  sestiuloxide  of  iron  with  a  solution  of  protoehlo- 
rido of  tin,  vfhcn  a  yellowfish  precipitate  ia  formed,  'which  may  be 
considered  as  a  stannato  of  tin  SuO.SnO^ 

PROTOSALTS  OF  TIS. 

1 988.  Only  a  small  number  of  salts  formed  by  protoxide  of  tia] 
is  known.      The  protoaulphate  is  olitaincd  by  saturating,  whec 
hot,  dilute  sulphuric  acid  nitli  recently  prepared  and  moist  hj; 
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dnted  protoxide  of  tia.  The  oxide  is  dissoiredt  and,  on  cooliag, 
mil  crystaltine  Iud«11»  of  protosutpliatp  of  tin  SnO,SO,  aro  de- 
pMttvd.  This  salt  rotdilj  dUMlvee  without  change  in  cold  water, 
«tiik  heat  decomposes  it  in  its  solution,  and  prrcipitatos  a  sub- 
nlphitc.  Protogolphato  of  tin  forms  vith  the  alkalinfi  sulphates 
dmUe  enlphates,  v'tiieb  are  more  fixed  than  the  simple  sulphnte 
oftin,  and  may  h«  obtained  crystallized. 

PrttonitraU  of  tin  la  prepared  by  dissolving  hydratnl  protoxide 
Ii««^  nitric  acid,  wh^n  the  salt  remains  in  solntion ;  but  it  is 
dectteoscd  irhen  tho  liquid  is  evaporated,  white  stannic  acid  la 

SALTS  rORMED  BT  STAKKIO  AM>  METASTAKNIO  iClP  ACnSQ  TBX 
I'AKT  UP  A  V.\.$E. 

{989.  It  has  been  shown  that  metastannio  acid  combines  vitli 
mmtrnted  acids,  and  thnt  iilnnnic  acid  dissolves  even  iu  dilute 
uak,  Tnic  Bolts,  in  which  these  bodies  act  the  part  of  bases,  arc 
thai  formed;  but  they  have  been  too  little  studied  to  retiuire  our 
futW  eonsidcration. 

C0MPOBSD8  OF  TIN  WTTH  SCLPHOR. 

{940.  Tin  forms  two  compounds  with  sulphur:  a  protosalpbide 
SaB  eorreaponding  to  the  protoxide,  and  a  bisalpbide  Sn:^,  corre- 
iponjini;  lo  stannic  acid. 

Protomlphidi!  of  tin  is  prepared  by  heating  amixtare  of  tin  filings 
udtalphar  to  redness  in  an  earthen  crucible,  pulverising  the  product 
oTtUa  first  operstiou  and  reheating  it  with  an  additional  quantity 
of  idphnr,  when  &  macs  of  a  de«p  gray  colour,  witb  ver^  brilliant 
WeeoTstalline  lameUse,  ia  obtamed.  Xh«  tame  sulphide  is  pre- 
Qptated  as  a  deep  brown,  nearly  black  powder,  in  a  hydratcd  state, 
tten  a  current  of  sulf  lydric  acid  gas  is  passed  through  a  solution 
ofprotochloride  of  tin.  Concentrated  chlorobydric  acid  dissolves 
proiiMalpbide  of  tin  with  the  diaengngement  of  sulfhydric  acid, 
■Ule  tie  presence  of  a  email  excess  of  tho  former,  in  n  dilute  iwln< 
ti*  of  tin,  doc8  not  prevent  tho  salt  from  being  completely  preci- 
(lilited  by  sulfhydric  acid. 

Percldoride  of  tin  ynCI,  yiclda  T>'ilh  aulfhydric  acid  a  yellow 
pKtpitate  of  hydrated  bisulphide  of  tin  Snf3,.  If  sulfhydric 
Ntd  gas  and  vapour  of  oiihydrouA  pcrchloride  of  tin  be  passed 
ttraugh  a  tabe  heated  to  a  dull  red,  bisalpbide  of  tin  is  deposited 
>>  the  form  of  very  brilliant  crystalline  lamelire,  of  a  boantiful 
nUiD-yellow  colour,  which  substuncc  ia  technicully  prepared  in 
■(dry  way,  and  is  used,  under  the  name  of  mwiiiVi/oW,  for  bron«- 
i^  wood.  This  product  ia  obtained  as  follows: — .\n  amalgam  of 
"  ptrtt  of  tin  and  6  parts  of  mercury,  pulverised  in  a  mortar,  ia 
nisBd  with  7  parts  of  ilowers  of  enlpbur  and  €  partn  of  sal-ammo- 
■ii^aDd  boated  in  a  loDg-noekcd  matrass  in  a  eand-batli,  the  tern* 
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perature  of  whicli  is  graduall^r. rained  to  a  dall  red.  Snlphar,  eaU 
ammoniac,  eulphlde  of  mercury,  and  protocMoride  of  tin  condense 
in  the  globe  and  in  the  neck  of  ttio  matraiui,  while  mosaic  gold 
remains  at  the  Ixittom  in  the  form  of  a  very  lij{Ut,  gilded  tOHS, 
formed  by  the  union  of  a  large  quantity  of  small  eryatalline  1»- 
mellse.  The  theory  of  this  operation  is  quite  complicated :  finely 
divided  tin,  vhen  heated  vith  sulphur  at  &  low  temperature,  la 
chan^d  into  an  aniDrphou<i  binulphide,  which  does  not  present  the 
gilded  8pait|;Ies  which  alone  give  it  a  technical  value.  By  boi&g 
still  further  heated  it  partn  with  one-half  of  its  sulphur,  and  passes 
into  the  state  of  monosulpbide,  irhich  the  sal-ammoniac  adaed 
the  mixture  prevents,  because,  by  becoming  volatile  below  a  duUj 
red-heat,  it  absorba  a  considerable  quantity  of  latent  caloric;  bi 
it  facilitates  at  the  same  time  the  sublimation,  and,  conseq^uentlif,; 
the  crystallization  of  the  mosaic  goM  which  ia  carried  over  by  th#l 
rapour. 

COMPOCNM  OP  TIN  WITH  ABSENIC. 

S  941.  Tin  and  arsenic  combine  readily,  and  in  all  proportioni 
forming  very  brittle  crystalline  compoundB.     Thti  arseniuroU  o( 
tin  diaengago  mixtures  of  pure  hydrogen  and  arfleniuretted  hydro 
gen  by  treatment  with  chlorohydric  acid. 

COMPOrSDS  OF  TIS  WITH  CHLOEINE. 

g  942.  Tin  forms  two  compoundB  with  chlorine  :  a  protoc 
SoCli  corresponding  to  the  protoxide,  and  a  bichloride  SdCI. 
responding  to  stannic  add. 

Protochloridf  of  tin  is  obtained  by  diaiolTJng  tin  in  concentrat* 
boiling  chlorohydric  acid,  when  hydrogen  gas  is  evolved.    This  salt 
is  used  in  dyeing,  and  is  prepared  on  a  large  scale  by  heating  carved, 
bars  of  tin  in  large  retorts  with  concentrated  chlorohydric  acid^J 
after  which  the  saturated  liquid  is  decanted,  and  the  proiochloritT 
of  tin  separated  by  evaporation  in  the  form  of  hydratcd  crjst 
of  the  formula  $nCI+2H0. 

Protochloride  of  tin  dissolves  without  alteration  in  a  small  qnai 
tity  of  water,  while  a  large  cjuantlty  of  thia  liquid  decomposes  iCj| 
and  precipitates  an  insoluble  oxychEorido  BnCI+SnO. 

Crystullized  protochloride  of  tin  can  be  freed  from  its  water  bi 
heating  i[ir  a  retort,  while  a  small  quantity  of  the  chloride  is  alwuyg 
decorupuKed  during  this  desiccation,  and  chlorohydric  acid  is  disen*'! 
gaged;  but  if  the  temperatiure  be  raised  to  redness,  the  protoohla^| 
ride  disLiU  over  unaltered.      Protochloride  of  tin  combines  readih 
with  the  alkaline  chlorides,  and  yields  easily  crystallixable  doabt 
chlorides. 

Protochloride  of  tin  liaa  such  an  affinity  for  oxygon  that  it  readil_ 
absorbs  this  gas  from  the  air,  and  abstracts  it  from  a  great  number 
of  oxidfs,  whiub  it  reduces  to  an  inferior  degree  of  oxidation,  or 
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ereu  to  the  meUllIc  etate.  It  readily  precipitates  merctirr.  gold, 
and  ftilvcr  from  their  Bolatioas  in  the  metnllic  state,  and  rodnoos 
tfap  salts  of  seBfiuioxide  of  iroD  and  protoxide  of  copper  CuO  to  the 
miDiniRm  of  oxidation. 

§  943.  Perchhridc  of  tin  ia  readily  obtained  by  treating  tin 
bj  an  excess  of  cfaloriDe.  The  affinity  of  l)ies«  two  bodies  in  so 
gttal  that  tin  filings  ignite  when  thrown  into  a  bottle  filled  with  dry 
chlorine.  In  order  to  prepnro  any  quantity  of  percbloride,  nomo 
tin  is  placed  ia  a  tubttlatcd  glass  retort,  farmshed  with  »  well- 
aled  receiver,  and  a  current  of  chlorine  is  paased  through  the 
ibalaro,  when  the  tin  immediately  combines  with  the  chlorine; 
id,  if  tho  retort  be  gently  boated,  a  lifiuid  distils  over  and  con- 
dtmses  in  tho  receiver.  Tbia  liquid,  which  is  generally  tinged  with 
Tellow  by  tho  fcblorinc  it  containii  in  Dulution,  is  purified  by  shaking 
it  with  tin  filings  or  protochlorido  of  tin  and  redistilling  it.  This 
Bobatance  may  also  be  propnred  by  heating,  in  a  glaso  retort,  a  mix- 
tnre  of  1  part  of  tin  filingii  and  5  parts  of  chloride  of  mercury  or 
oorroeire  eublimatc. 

Perchloride  of  tin  forms  a  colourless  liquid  of  the  specific  grarity 
S.SS,  and  which  boila  at  248°,  the  density  of  its  rapour  being  9.2. 
It  girea  off  very  thick  white  fumes  when  in  contact  with  the  air, 
vmag  to  the  immediate  combination  of  tho  va&our  of  the  anhy- 
drous chloride,  the  tension  of  which  ia  very  bigu  ut  the  ordinary 
temperature,  with  the  aqueous  vapour  contained  in  tho  atmosphere, 
and  the  resulting  form.ition  of  a  hydrate  which  boa  no  senaible  ten- 
•ioD,  and  is,  oonscqaently,  precipitated.  If  a  few  drops  of  water 
be  added  to  the  anhydrous  perchloride,  a  noiae  resembling  that 
produced  by  plunging  a  red-hot  iron  in  water  is  heard,  and  the 
perchloride  then  comhincs  with  the  water  with  great  evolution  of 
heat,  giving  Hiie  to  a  hydrated  chloride  of  the  formula  SdCI,+/)UO, 
vhieh  ia  deposited  in  beautiful  crystals. 

The  tame  hydrated  perchloride  of  tin  may  be  obtained  hy  dis- 
■oWiDg  tin  in  aqua  regia  contataiDg  an  excess  of  cblorohydrtc  acid, 
or  by  passing  chlorine  throngh  a  solution  of  protocbloride  of  tin. 
Hk  bydmted  perchloride  dissolves  in  a  small  quantity  of  water, 
ud  in  any  quantity  whatever  of  this  liqnid  when  it  is  suffioieotly 
scidalated  with  chlorohydric  acid,  while  an  addition  of  a  quaati^ 
cf  freftli  water  again  decomposes  it,  and  cau9cs  the  predpittliBn 
•fbydratod  stannic  acid. 

llydratcd  perchloride  of  tin  ia  decomposed  by  heat,  vben  d^ 
■vhfdrio  aeid  is  disengaged  and  metastannic  acid  romaioe.  Hau«d 
lita  anhydrous  phosphoric  acid,  or  with  concentrated  anlpiamc 
uid,  it  imparts  its  water  to  them,  and  the  uihydroiis  pestuacUa 
dittfla  over. 

The  anhydrous  perchloride  of  tin  was  ealled  by  the  uld  nibtmm* 
^t  fuming  Itqvid  of  LUraviu*. 
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l^erohloride  of  tin  combines  with  a  crea.t  Qumber  of  metillie 
chlorides,  forming  rcidiiycrystnlliz&blo  douMo  chloridee,  wbicb  nil 
conBist  of  1  equiv.  of  iiercliloridc  of  tin  and  1  cq«i*'.  of  the  other 
metallic  chloride.  The  anhydrous  pcrchlorido  combines  with  sulf- 
hydric  acid,  uod  ntso  forma  with  phospburotted  hydrogeo  gas  a 
compDund  of  the  formula  PII,,SdCI,. 

DISTINCTIVE  CHARACTERS  OF  THE  SOLUBLE  COMPOUSDS  OP  TIK, 

I  944.  Tin  forms  two  scries  of  soluble  compounds:  1st,  thowj 
which  correspond  to  the  protoxide  SoO,  such  m  the  protochlorido 
and  the  soluble  salts  formed  by  the  protoxide;  and  2dly,  com- 
pounds  correapondinj;  to  atannio  acid ;  that  i«,  perchloride  of  tin 
and  the  t^oluhlc:  compounds  of  stannic  acid  with  the  acids.  Theso 
two  neries  present  dlflbrent  reactions,  which  it  is  necessary  to  ex- 
amine separately. 

* 

Characters  of  the  PrototaUa  of  Tin. 

§  945.  The  salts  of  the  protoxide  of  tin  are  free  from  colour 
when  the  acid  ia  itself  colourlesa,  and  always  strongly  redden  tinc- 
ture of  litmus.  A  Bmall  quantity  of  water  in  most  coees  dissolves 
them,  while  a  greater  quantity  of  this  liquid  decomposca  them, 
forming  a  white  precipitate,  which  Is  ^enerdly  a  basic  .talt.  This 
prcoipitation  is  avoided  by  acidulating  the  water  with  a  cerloin 
quantity  of  chlorohydric  acid. 

The  caustic  alkalies  throw  down  a  white  precipitate,  which  is 
soluble  in  an  excess  of  the  reagent,  while,  by  boiling  the  liquid,  an- 
hydrous protoxide  of  tin  separates  in  the  form  of  a  black  powder. 
J^omoiiift  also  throws  down  a  wliite  precipitate,  which  ia,  however, 
insoluble  in  an  excess  of  ammonia. 

The  atkaline  carbonates  likewise  yield  white  precipitates,  which 
are  insoluble  in  an  excess  of  the  reagent,  and  become  black  by 
boiling  the  liquid. 

Sulfbydric  acid  precipitates  them  as  a  deep-brown  powder,  whila 
the  alkaline  eulfhydratea  throw  down  a  dirty-whibo  precipitate, 
which  dissolves  in  a  great  excess  of  the  reagent. 

Prussiatc  of  potash  yield  a  white  precipitate. 

Salts  of  niortiury  are  reduced  by  the  protuaaUa  of  tin,  a  gray 
precipitate  of  very  finely  divided  metallic  mercury  being  formed, 
which  collects  in  ylubulea  by  trituration. 

Chloride  of  gold  gives  a  precipitate  which  ia  pnrple  when  the  so- 
lutions of  protoxide  of  tin  uro  very  dilute,  and  brown  when  they 
are  more  concontrated. 

A  blade  of  iron  or  zinc  precipitates  tin  in  the  form  of  gray  crys- 
talline spangles,  which  assume  under  the  burnisher  tlie  ordinary 
colour  and  lustre  of  tin. 
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Charactert  of  tke  SeluUe  (impound*  of  Tin,  eorreaponding  (a 
Stannic  Acii. 

§  946.  Tlie  clisrsct«rs  alont  to  be  indicated  all  refer  to  the  per- 
chlori<l«,  vbich  is  ibo  onlj  soluble  coiDpouQd  oorrMpondlng  to 
euanic  acid  ithich  has  been  properly  ntudied. 

A  solution  of  pcrchloride  of  tin  slwtys  bag  %  strong  tciJ  reac* 
tion,  sod  is  decomposed  by  a  Isrgn  quantitj  of  wnter,  aflbrdiiig  a 
wLiie  pre<npitat«  of  hjdratoJ  stannic  acid. 

PoCboss,  aodifc,  and  ammonia  yield  a  white  precipitate,  which  dis* 
solves  in  ao  excess  of  the  rengeat;  but  the  \\t\mA  does  not  throw 
down  a  black  nrcctpitato  on  being  boiled,  as  18  the  case  with  the 
compounds  of  the  protoxide. 

The  alkatioe  carbonates  disengage  carbonic  acid,  and  eive  a 
white  precipitate,  which  Is  noichcr  soluble  in  an  excess  of  tlie  re- 
*geDt  Dor  turns  bbck  by  ebullition. 

Pmsaiale  of  potash  gives  a,  whiiB  precipitate,  which  doea  not  form 
tmtil  after  some  time. 

Su!f  hjdric  acid  gives  a  dirty-yellow  precipitate,  which  also  doea 
not  appear  immediately,  and  which,  when  formed  by  alkaline  stUf- 
hydrates,  is  soluble  in  an  cxcciu  of  tho  reagent. 

Chloride  of  gold  throws  down  no  procipitatfl  from  a  solution  of 
percbloride  of  tin,  which  reaction  clearly  diBtinguishcs  tho  pcr- 
(^loride  from  the  compounds  of  the  protoxide  of  the  metal.  Per> 
chloride  of  tin  does  not  precipitate  mercury  from  it«  eolotions  in 
the  metallic  state. 

Iron  aod  zinc  precipitate  metallic  tin. 


DETERBIUtATIOX  OF  TIS.  AND   ITS   SEPARATIOX   PKOM  THE  JIETALS 
PRKVIOU3LY  STUDIED. 

§  94~.  Tin  is  always  determined  in  the  state  of  ealcioed  stannio 
acid.  Sometimes  it  is  precipitated  as  sulphide,  which  in  c«nvcrtcil 
into  stannic  acid  by  rossting  tii  a  platinum  crucible ;  taking  care 
to  add  a  few  dropfl  of  nitric  acid  bcfuro  the  calcination,  in  order  to 
prevent  the  separation  of  mi'tutlic  tin,  which  would  soon  attack 
the  crucible.  After  the  roasting,  the  crucible  is  allowed  to 
cool,  a  Hmall  quantity  of  carbonate  of  ammonia  added,  and  it  is 
aain  heated  to  drive  off  moro  readily  the  last  traces  of  satpbtuio 
aod. 

Tin  is  easily  separated  from  all  tho  metals  which  wo  hare  hitherto 
ttodied,  except  from  cadmium,  by  means  of  solfbydric  acid,  Tho 
enlstaoccs  are  dissolved  in  chlorohydric  acid,  so  that  the  tin  may 
exist  in  the  state  of  aprotochloridc,  and  a  current  of  auiriiydric  acid 
it  paased  throngh  the  liquid,  in'wbtch  a  large  excess  of  ehlorohy-; 
dnc  acid  is  left.  When  the  liquid  contains  an  excess  of  sulfby- 
dric  acid,  the  bottle  is  loosely  corked,  and  left  to  stand  f^r  several 
bonrs  at  a  temperature  of  from  120°  to  140^.     The  precipitate  is 
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tben  collected  on  a  filter,  and,  if  it  ia  oompoeod  only  of  Bulpbidc 
of  tin,  is  converted  into  stannic  acid  by  moans  of  nitric  acid. 

If  the  BubstaDCe  coutaiiia  tin  and  Cii.dijaium,  tlicsc  mctula  are  pre- 
cipitated together  hy  sulfhydric  acid,  and  the  two  Bulpliurets  are 
treated  with  nitric  acid,  which  converts  Iho  tin  into  iiiaokMc  utan- 
iiic  acid,  and  diEsolvee  the  cadmium,  which  is  then  precipitated  from 
its  eolulioQ  by  the  processes  indicated  in  §  fSl. 

MBTALLCKOY  OF  TIN. 

§  948.  The  binoxJde,  which  i&  the  only  tin-ore,  originally  occur* 
only  in  the  oldest  rocks,  forming  email  veins,  or  irregular  threads, 
in  the  granitic  formations ;  but  it  ia  tiomctiines  aUo  found  in  the  dia* 
iggregotcd  Bands  arising  from  the  deetrnction  of  these  rocka.  The 
principal  localities  of  tin  are  in  Saxony,  Bohcrain,  in  Cornwall  in 
Angland,  and  in  the  East  Indices.  The  sands  containing  tin  found 
in  Brittany  are  too  poor  to  ho  worked  with  advantage.  The  crushed 
Stanniferous  rocks  and  the  stannifcroua  sands  lu-c  washed,  in  order 
to  separate  the  gangiie  mechanical iy,  which  is  an  easy  oporatiou, 
08  the  oxide  of  tin  in  much  heavier  than  the  ganguo,  and,  as  it  i8 
Tery  hard,  yields  hut  little  cUist  under  the  stauipcr.  Sands  con- 
taining only  I  per  cent,  of  tin  may  yet  be  advantageously  concen-. 
trated  by  ivashing.  f 

The  washed  ores,  which  connist  of  a  mixture  of  oxide  of  tin  and 
some  vLTy  heavy  metalliferous  minerals,  such  od  the  crytitalliaedj 
sulphides,  sulfarseniurets,  and  oxides  of  iron,  etc.,  are  roasted  ii 
heaps  or  iu  kilns,  whcu  the  oxide  of  tin  remains  unaltered,  vhil 
the  sulphides  and  sulfarseniurets  become  partially  oxidized  and  dia* 
aggregated,  bo  that  if  the  ore  be  again  Buliected  to  ihc  fltamper8,L 
the  roasted  suhaianceft  are  pulvcrlied,  while  the  oxide  of  tin  reA 
mains  nearly  in  its  original  condition.     By  another  washing  thej 
roasted  and  stamped  sand  is  easily  freed  from  the  substances  whicl 
have  been  altered  by  roasting,  and  a  very  rich  ore  J3  ollainei" 
yielding  often  more  than  SO  per  cent,  of  metallic  tin. 

In  Saxony,  the  ore  is  fused  in  n  cupola-fuviLaco  of  about  9  feet 
in  height  (ligs.  CtSQ  and  fJ3T).     The  sides  of  the  oven  A  are  mad* 
of  sIhos  of  granite,  while  the  bottoui  consists  of  a  siiiglo  stone  Dpj 
called  the  solr-etimr.,  which  is  properly  hcwn,  and  rapidly  inclinea. 
toward  the  anterior  part  of  the  furnace,  called  the  bretut.     Thai 
fused  materials  constantly  run  into  an  exterior  cructblo  B,  mad< 
of  slabs  of  granite  lined  with  dump  charcoal.     At  the  tower  par(J 
of  thii  furnace  it  a  bole  which  opens  over  a  cast-iron  pot  C. 

The  furnsce  is  charged  by  alternate  layers  of  ore  and  charcoal,^ 
the  combustion  being  fed  by  a  blowing-machine,  the  noaalo  of  which ' 
passes  through  the  twyorc  ' 

The  oxide  of  tin  is  reduced  by  the  carbonio  oxide  which  is  pro- 
duced by  its  contact  with  the  fuel.  The  gangue  itself,  being  gene- 
rally very  fusible,  yields  a  doughy  seoriGe,  which  flows  with  the  tin 
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the  basin  B,  vbenco  it  ts  rcmoTcil  from  time  to  time.     When 
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tie  baain  B  is  filled  with  melted  metiil, 
the  stopper  in  removed  from  the  holf, 
.tnd  the  metal  runs  into  the  cast-iron 
\>ot  C,  vrhcre  it  is  stirred  with  a  etick 
of  green  wood,*  which,  hy  being  par- 
liallv  carbonized  in  the  hot  Itquiil,  cnnwe 
a  bubblinfi,  produced  by  the  disengage* 
TTicnt  of  gas,  which  raises  the  dross  which 
ia  scattered  through  the  metal  to  the 
surface  of  the  bath,  while  it,  at  the 
samt'  time,  reduces  the  oxtdc  of  tin 
liencath  to  the  metallic  state.  When 
the  temperature  of  the  metal  ia  only  a 
few  degroofl  above  that  of  its  fueion,  it 
is  alluwcil  to  rest,  and  is  then  removed 
v'ith  iron  ladles  and  run  into  moulds. 
The  upper  strata  furnish  the  purest 
metal,  while  those  at  the  bottom  con- 
tain  the  greater  portion  of  foreign  euh- 
Btunccs. 

As  the  scortic  do  not  become  per- 
fectly fluid,  they  always  contuin  a  <|uan* 
^'i^  ^^'-  tity  of  proina  of  tin,  for  which  reason 

Icbe  richest  are  added  to  the  ore  and  fused  with  the  next  charge, 
Ivhile  the  poorest  are  at&mped  and  the  metallic  grains  separated 
,  by  washing.  The  greater  part  of  the  scoriie  is,  however,  smelted 
separately  in  the  same  furnaac,  by  increasing  the  blast  and  qaan- 
tity  of  fuel,  by  which  more  flwid  sconte  are  obtained,  from  which 
I  the  tin  Eepu.rates  more  readily,  but  is  gained  only  in  inferior 
''  quality. 

§949.  In  England,  the  ore  of  the  stanniferoas  sandu  is  treated 
nearly  in  the  same  manner,  the  furnaces  being  only  much  higher. 
I  The  tie  fonmhed  by  the  upper  strata  of  the  cruciblo  is  alone  run 
ioto  bar9,  while  the  balance  is  again  melted.  The  bars  of  tin  ore 
.  lometimes  heated  to  above  212°  and  allowed  to  fall  from  a  certain 
[lieight,  when  the  metal,  which  is  very  brittle  at  this  temperature, 
Ibreaks  into  small  crystalline  fragments,  and  is  then  colled  ffraui-lin. 
The  ore  taken  from  the  reins  is  maoh  loss  pure  than  that  of  the 
Innda.  After  the  primary  elamping  and  washing,  it  is  roasted  in 
'  m  reverberatory  furnace,  when  sulphates  of  iron  and  copper  arc 
ffonned,  which  arc  washed  out  and  separated  by  crystallisation. 
1  The  ore  is  then  again  washed,  and  the  aludgo  arising  from  it  is 


*  t1ii«  rrotum,  wUeh  b  called  poting,  ta  effeetcd  In  tlib  CnnttBh  tln-irorka  If 
ItoOlaS  UlUl*  of  fma  wmi  la  Uie  melted  lid,  rrbcra  ihcf  atu  ktpi  nodcr  Uu*  aar- 
lite*  ^  mtaaa  ef  aa  iron  tramc.—  H'.  L.  £, 
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heated  on  tbe  hearth  of  a  reverberator^  furnace  with  powderfd 
charcoal,  to  vhich  lime  is  added  to  hasten  the  fusion  of  the  ganguf. 
The  Bcortic  are  ladled  out  from  time  to  time,  and  the  tin  is  run 
iDto  moulda. 

The  tin  obtained  hy  this  procesa  is  refined  by  beating  the  metal 
slowly  on  the  hearth  of  a  reverberatory  fumacef  when  the  pare  tin 
melts  first,  and  runtt  out  of  tbe  furnace,  as  the  hearth  in  inclined 
toward  the  tap-hole,  leaving  on  the  hearth  an  alloy  of  tin  with 
foreign  fiuhstances.  This  topthod  of  rc6niog  ia  called  liijuation. 
Freiiuently,  two  sucuCDsive  Uiiuations  sure  necessary  in  order  to  ob- 
tain very  pure  tin. 

§  950.  Tin  h  used  in  the  manufacture  of  various  articles,  such 
as  kitchen  utcnails,  cotton  machinery,  etc.,  etc;  a  t-mall  quantity 
of  lead  Nuing  often  added  to  it  to  render  it  less  brittle.  The  alloj 
generally  employed  contains  1!J  per  cent,  of  lead. 

Tin  is  al«o  made  in  very  thin  sheets,  called  ti«  foil,  and  used 
either  for  tinning  glass  or  for  wrapping  bonionit,  chocolate,  etc. 
Tin  foil  is  manufactured  by  beating,  only  the  beut  tin  being  used. 
It  is  first  run  iQto  platee,  which  are  hammered  unUl  their  thickness 
is  reduced  to  about  1  millimetre,  after  which  8  or  10  plat«s  are 
laid  on  each  other,  and  the  hammering  continued  until  they  are 
auBiciently  thin,  when  they  are  cat  in  Kntf,  and  again  laid  on  each 
Other  and  beaten,  which  nroccas  is  reppatod  until  a  hundred  sheets, 
of  the  thickness  rcquirea,  arc  obtained. 

One  of  the  moHt  important  applications  of  tin  is  that  of  tinning 
sheet-iron,  as  was  fully  described  in  §  847. 
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aCIVALKRT  =  25(3I2.5j  O  =  100> 

§f>.'>l.  Titanium*  has  be«n  found  combined  with  oxTgon  in  several 
minerals:  rutile  \a  nearljr  pure  titanio  ncid,  and  titanic  iron  is  a 
mixcore,  or  a  compound  of  titanic  acid  and  oxide  of  iron.  Cvrtaia 
iroQ-ores  contain  a  ver^r  small  quantity  of  these  tltaoic  niiiicrals; 
and  tnetaltic  titaniamf  u  often  found  in  the  products  of  tbe  bla»t* 
fornaces  in  which  eucb  ores  arc  smelted.  It  is  eapcciolljr  met  vtitb 
in  tbe  tnetatlic  mauf^a  which  adhere  lo  the  udes  of  tije  furnace, 
toward  the  close  of  the  blnst,  when  this  process  is  beginning  to 
alacicen,  and  then  appears  under  tlie  form  of  small,  very  brilliant' 
cubic  crystals  of  a  copper-red  colour,  scattered  Uirough  a  tniui' 
of  half-refined  tnetal,  alag,  and  frequently  sulphide  of  iron.  ThcM  ' 
miiMcs  are  treated  with  chlorobydric  acid,  which  dissolves  the  iroa 
and  does  not  attack  the  titanium ;  by  which  a  largi:  portion  uf  th« 
little  crystals  are  detached,  while  thcj  stilt  remain  mrxcd  with  par- 
ticles of  slag,  from  nliich  they  arc  cosily  ecpnratcd  by  levigatioD, 
tlteir  density  being  5.S,  while  tliat  of  the  slag  is  much  lower.  These 
crjatals  are  hard  enough  to  scratch  quarts,  and  are  unaJTccted  bj 
eonceotratcd  acids,  exuept  by  aijua  regia,  which,  howerer,  requires 
«  long  time  to  act  on  them. 

When  titanio  acid  is  heated  in  a  forge-fire  in  a  "brasqued"  era- 
dble,  it  \i  converted  into  an  aggregated  blucli  ma^s,  which  is  aa 
inferior  oxide  of  tttaniuni,  while  the  portions  in  Immediate  contact 
with  the  charcoal  are  still  more  reduced,  having  passed  into  tbe 
state  of  metallic  titanium,  which  forms  a  pellicle  of  a  copper-red 
colottr  around  the  mass. 

The  be»t  method  of  preparing  metallic  titanium  in  the  labora* 
torj  consists  in  decomposing  by  heat  pcrchloride  of  titanium,  which 
ta  a  volatile  liquid,  in  a  retort  of  hard  glass  placed  in  a  furnace, 
and  through  which  a  current  of  dry  ammoniacal  gas  is  passed; 
when  the  ammooia  immediately  combines  with  the  perchlwicle  of 
titaaium,  which  is  converted  into  a  white  powder.  The  retort  is 
then  surrounded  by  burning  coala  and  the  current  of  ammoniacal 
gas  Lept  up  ;  when  a  large  quantity  of  sal-ammoniac  is  sublimed 
and  condensed  on  the  globe  nnd  In  the  neck  of  the  retort,  the  me- 
tAllic  titanium  remaioiog  at  the  bottom  in  the  form  of  very  briU 

•  DiMo»or«d  ia  1791,  by  W.  Gii^/m. 

t  Thli  product  la  oot  metAlUc  tiianium,  u  wm  trroDcoRslj  atippatcd,  bnt  b 
eontnckllan  uC   nltunt    u4  «ruilde  of  tliauiutn,    Kccordlog  W  tho  ronanta 
Tl,CVC+8Ti,If.— ir.i./. 
Vot.  IL-P  ' 
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li&nt  email  spangles  of  a  parple-red  colour.  The  retort  is  allowed 
to  coo),  etitl  maiataining  tlie  gaseous  curreat,  and  tlie  titanium  in 
titcn  rcmoYi.-i. 

The  titanium  tlius  prepared  is  more  ennWy  attacked  by  acids  than 
that  of  the  bliiet-furnaccB,  and  nitric  acid  readily  converts  it  into 
titanic  acid.  Heated  in  tlie  air  it  lecomes  incandescent,  and  is 
changed  into  a  white  powder  of  titanic  acid. 


COMPOUNDS  OF  TITANIUM  WITH  OSTQEIf. 

§  952.  Three  cocnpoands  of  titamum  with  ojtygen  are  known : 

A  protoxide     TiO. 

A  sesquioxid*  Ti,0,. 

Titanic  acid     TiO,. 

Titanic  acid,  whicli  is  the  most  important  compound,  occurs  in 
nature  in  tho  form  of  browniah-yelloiT  opake  crystals,  called  rutile 
ly  mineralogists.  Kutilo,  wliicli  ia  not  pure  titanic  acid,  but  gene- 
rally contains  one  or  two  hundrodtha  of  oxide  of  iron,  is  isomor- 
pbous  witli  native  binoxide  of  tin.  Other  minerals,  foniied  by 
sesquioxide  of  titanium  combined  vitb  protoxide  of  iron,  and  called 
titanic  irons,  appear  to  be  aualoguua  to  niaj^netic  oxide  of  iron. 
Lastly,  the  mineral,  called  ariatngc,  which  forms  crystals  of  a  beau- 
tiful blue  colour,  is  composed  yf  nearly  pure  titanic  acid.  Rutile 
ia  attacked  neither  by  acids  nor  alkaline  solutions,  but  is  acted  on, 
at  a  red-heat,  by  the  alkalies  and  alkaline  carbonates.  Titanic 
acid  may  be  obtained  in  a  gelatinous  state,  in  which  it  combines 
with  the  acids  by  heating  finely  povrdered  rutile  with  two  or  three 
times  its  weight  of  chloride  of  barium  in  a  strong  forge-fire.  The 
powdered  su&stance  is  calcined  and  treated  with  not  water,  to  dis- 
solve tho  chlorido  of  barium  which  has  been  left  unchanged,  when 
tbc  residue  is  composed  of  titanate  of  baryta  and  oxide  of  iron.  It 
is  heated  in  a  porcelain  saucer  with  eoncontratcd  sulphuric  acid, 
and  the  tempcruturo  elevated  sufficiently  to  drive  off  the  greater 
part  of  tho  excess  of  sidnhnric  ncid  ;  after  which  it  is  again  treuted 
irith  water,  when  a  residue  of  sulphotu  of  baryta  remains,  vthich  is 
BOpanited  by  filtering.  An  excess  of  ammonia  added  to  the  liquid, 
which  contains  sulphates  of  titanium  und  iron  dis-sulvcd  in  an  ex- 
cess of  sulphuric  acid,  precipitates  the  titanic  acid  and  oxido  of 
iron,  after  which  a  small  <(uantity  of  sulfhydnc  acid  is  passed 
through  lo  convert  the  o.tid«  of  iron  into  a  sulphide.  Whea  the 
gelatinous  precipitate  has  become  black,  a  portion  of  the  superna- 
tant liquid  is  decanted  and  replaced  by  a  solution  of  sulphurous 
acid,  which  dissolves  the  sulphide  of  iron  by  transforming  it  into  » 
hyposulphite.  When  the  precipitate  is  cumpletcly  discoloured,  it 
is  collected  on  a  filter  and  washed  with  bailing  water. 

Gelatinous  titanic  acid  dissolves  in  the  acids,  and  by  boihug  its 
dilute  solutions  the  greater  part  of  the  titanic  acid  is  again  dopo- 
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sited.  When  sabjoeted  to  ho&t,  %  moment  onirea  &t  which  the 
■ubstaoce  sudJonty  becomes  iacandescent,  remaining  so  only  for  a 
moment,  after  which  the  tiianie  acid  becomes  insoluble  ia  acids. 
Titanic  add  forms  no  crvstatlixcd  cotnpoondA  with  the  acid^,  while 
it  forms  sabstanceH  vrbieh  assume  a  cryHtallino  texture  on  cooling 
by  fiifiioii  with  potassa  iir  soda.  Bat  these  substances  aro  docom- 
poeed  by  treatment  with  water,  and  while  an  insolublo  residue  of 
,titanate  with  a  large  excess  of  acid  remains,  the  alkaline  lii^oid 
oontuins  but  little  titanic  acid. 

Titanic  acid,  heated  in  a  forge-firo  in  a  brasqued  omciblc,  ia 
converted  into  a  black  substance,  which  some  chemists  regard  as  a 
prctexide  TiO,  but  the  extsteuce  of  this  substance  is  not  sufficiently 
proved. 

By  heating  it  to  a  high  temperature  in  &  current  of  hydrogen 
gag,  the  titanic  acid  is  converted  into  a  "black  powder,  the  compo- 
aitioD  of  which  very  nearly  approaches  that  of  the  oxide  Ti,0,. 
The  existence  of  a  »fs<[uioxide  of  titanium  is,  moreover,  placed 
beyond  doubt  by  that  of  the  sesqnichloride  Ti,Clj,  from  which  it 
may  ho  obtatnca.  In  fact,  on  adding  ammonia  to  a  solution  of 
laiehloride  of  titanium,  a  brown  precipitate  of  hydrnted  Ficsqui* 
ic  is  obtained,  which,  on  being  lefl  to  itself  in  water,  becomes 
t  black,  and  then  blue,  and  at  last  is  converted  into  white 
tilantc  acid,  with  the  evolution  of  hydrogen  gaa.  By  treating  ses- 
quichloride  of  titanium  with  sulphuric  acid,  a  tettfuifulphate  of 
titanium,  which  crystallizes  with  difficulty,  is  obtained. 

COMPOUNDS  OF  TITANIUM  WITH  CULOBINE. 

S  95S.  Two  chlorides  of  titanium  are  known :  n  scsqnichloride 
Ti,OI„  and  a  bichloride  TiCl„  corresponding  to  titanic  acid  TiO^ 

Siehlorid*  of  titanium  is  prepared  by  decomposing  an  intimate 
mixture  of  titanic  acid  und  charcoal,  healed  to  a  strung  red-heat, 
by  dry  chlorine,  for  nhich  purpose  the  apparatus  described  for  the 
prcpsrntion  of  chloride  of  eilicium  (§216),  and  represented  in  fig. 
53S,  is  uHi-d. 

A  mixture  of  charcoal  and  nitilc,  reduced  to  an  impalpablo 
powder,  is  made  into  a  consistent  paste  with  a  certain  cjuantity  of 
oil,  and  calcined  to  redness  in  an  earthen  crucible  in  th«  shape  of 
■mall  balls.  The  balls,  which  pTcserrc  their  form,  and  consist  of  an 
intimate  and  porous  mixture  of  titnnic  ncid  and  charcoal,  arc  intrO' 
ditced  inln  an  earthen  retort  C,  into  the  tubulurc  a  of  which  a  por< 
«^ain  tube  alt  is  intrudoced,  descending  to  the  bottom  of  the  retort. 
After  placing  the  retort  in  a  furnace  and  fitting  a  condonsin"  ap- 
paratns  to  its  neck,  a  current  of  dry  chlorine  is  passed  through  the 
tubnluro  ab  ;  and,  when  the  apparatus  has  become  filled  with  the 
gas,  the  retort  ia  healed  to  a  strong  red-heat,  while  the  current  of 
chlorine  is  c«ntinaed ;  when  the  bichloride  of  titanium  condenses 
in  the  refrigernting  apparatus,  and  may  be  obtained  in  large  qnaQ* 
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titieti.  The  bictloricle  of  titaniiira  tlius  obtame<3  is  yellow,  from  a 
certain  qua-ntity  of  cblorluc  it  contatDS  in  solutioD,  and  is  alao 
yet  imnurifieil  by  some  seiinmichloriJe  of  iron.  It  is  obtaine*!  pure 
Dj  shaVing  it  with  a  email  t^uantity  of  mercury,  nbich  combiaes 
witb  the  dissolved  chlorine,  and  then  distilling  in  »  ghss  retort  to 
separate  it  from  the  eesquichloride  of  iron. 

Bichloride  of  titanium  ia  a  colourless  tiijaid,  giving  off  thick 
whito  funics  in  th«  air.  Ita  density  nt  S2°  is  l.T*)!,  and  it  boils 
at  276.8",  when  the  density  of  its  vapour  is  fi.83t;.  It  behaves 
with  water  like  bichloride  of  tin,  which  it  closely  reBombles  in  its 
pbysicftl  and  chemical  properties.  It  combines  with  a  small  ouaa* 
tity  of  water  and  forms  a  orystallizod  compound;  but  a  targe 
Quantity  of  water  decomposes  it  by  forming  a  white  precipitate  of 
tJlanic  acid,  while  the  liquid  containa  bichloride  of  titaniuio  dis- 
solved  in  a  great  CAcess  of  chlorobydric  acid.  The  ))recipitate 
itself  dissolves  when  treated  with  chlorohydric  acid,  but  again 
gives  otr  titanic:  acid  by  boiling  the  diluted  liquid  for  some  time, 
when  the  latter  paseea  into  a  modtiication  in  which  it  is  extremely 
insoluble  id  acids. 

By  passing  hydrogen,  saturated  at  the  temperature  of  212*  with 
Tapoor  of  bichloride  of  cit&Ttiam,  through  a  porcelain  tubo  heated  to 
redness,  crystalline  spangles  of  &  deep  violet  colour,  consisting  of 
te$quiehloTide  of  titanium,  are  condensed  in  the  cold  portions  of 
the  reducing  tube.  This  compound  is  deliquescent,  and  dissolves 
readily  in  water,  producing  a  violet-red  solution,  which  ta  one  of 
the  most  powerful  reducing  agents.  It  precipitates  gold,  silrer, 
and  mercury  ia  a  metallic  stato  from  their  solutions,  and  reduces 
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the  aalts  of  iron  and  copper  to  tlictr  niiaimum  of  oxidaitioi].    It  evcD 
dflcoinpotes  sulpliurouii  ucitl,  hy  sc'ttlug  free  tbo  sulpliur. 

Th«  equivUeat  of  the  metal  iind  the  composition  of  tittinic  acid 
have  been  inferred  from  the  analysis  of  the  bichloride  of  tituuum. 

COMPOCND  OP  TlTAinOM  WITH  SULPHUR. 

}  954.  A  compoand  of  titanium  with  nulphur  is^  known,  corr«- 
Bponding  to  titsnio  acid,  and  cloaely  resembling  the  bisulphide  of 
tin,  or  nofiitic  gold.  Bitru!phide  of  titanium  TiS,  is  nbininod  bv 
passing  »  current  of  eulfhvdric  acid  f;a8,  saturated  at  212''  fritK 
vapour  of  bichloride  of  titanium,  through  »  tnbe  heated  to  redness  ; 
when  the  inside  of  the  tube  becomes  covered  Tfith  a  thick  coating 
of  bisulphide  of  titanium,  in  the  form  of  scales  having  a  metallic 
liutro  and  the  colour  of  brass. 


DISTINCrn'E  CHABACTERS  OP  THB  COMTOUNDS  OP  TITANIUM. 

I  955.  The  combinations  of  titanium  are  recognised  by  the  above 
ia<Uc«ted  properties  of  titanic  acid,  and  by  the  folloiriiig  distinctiro 
reaction: — Titanic  acid  affords  with  borax,  in  the  oxidizing  Same 
of  the  blowpipe,  a  colourless  glass,  which  asenmes  a  deep  bias 
colour  in  (he  reducing  flame.      Titanium  in  also  recognLicd  bv  the 

firopertie?  of  its  bichloride,  and  hy  the  red  metallic  dust  which  tho 
attcr  leaves  when  decomposed  by  ammonia  under  the  influence  of 
heat. 

The  combinations  of  titaotum  may  be  easily  confounded  with 
those  of  tin,  on  account  of  the  close  resemblance  «f  the  salts  of 
these  two  metals ;  while  they  may  readily  be  distinguished  by  means 
of  the  blowpipe,  as  stannic  acid,  when  healed  with  charcoal  and 
some  carbonate  of  eoda,  yields  mocallic  tin,  which  can  be  imme- 
diat«Iy  recognised. 

DETERMlNATtOX  OP  TITAKIUM  :  ASD  ITS  SEPARATION  FROM  THE 
METJdJS  rBEVIOl'SLV  STUDIED. 

S?&6.  Titanium  13  always  dctcrmiucd  in  the  state  of  calcined 
titanic  acid.  Its  separation  from  the  metals  wo  hare  hitherto 
studied  is  effected  either  by  the  insolubility  of  calcined  titanio 
acid  in  acids,  or  by  the  volatility  of  tho  bichloride.  Titanic  ncid 
lUsAolved  in  an  excess  of  chlorohydric  acid  is  not  precipitated  by 
mlfhydric  acid,  which  property  allows  its  separation  from  the 
heavy  metals,  such  as  cadmium,  tin,  lead,  bismuth,  copper,  mcr- 
carj,  gold,  silrer,  platinum,  otc,  which,  nader  the  same  circum- 
lUnoetf,  are  all  precipitated. 
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TANTALUM  OR  COLUMBITJM,  NIOBIUM,  PELOPnjM, 

ILMENIUM. 

§  957.  These  names  have  been  given  to  four  ocw  metals*  foanil 
Bomo  few  years  since  in  minerals,  culled  tanttditet  miJ  i/ttro-tan- 
talitti  ;  but  their  properties  are  not  jot  suScIcntly  luiovD  t«  de- 
kmud  dcscriplion  in  thli  work. 
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LEAD. 

EiiUiVAUiHT  =  103.7  (1296.25;  0  =  100). 

§058.  The  lead  of  commerce  is  often  tolerably  pure,  and  then 
possesMB  It  great  decree  of  flexibility  and  malleability.  ChcmicBlIy 
pure  lend  ib  obtained  by  calcining  in  «.  brasqiicd  crucible  tlie  oxide 
obUkincd  by  calcining  the  cryBtallixe<I  nitrate  of  lead.  Lead  is  a 
blnisb-erBy  metiil,  posseaaing  a  liriglit  mctullic  lustre  when  frcahly 
cut.     lis  density  is  11.445. 

Lend  is  »o  soft  as  to  be  easily  cut  with  a  knife,  and  leftvea  mo- 
tallic-gray  marks  on  paper.  Being  very  rDnIlcuble  when  cold,  it 
eui  be  bculCD  into  very  thin  sheets,  and  drawn  out  into  fine  trtrS) 
which  is  Bo  extremely  flexibl«  that  it  can  bo  tied  in  knots  lik« 
a  hcu)p<:n  string ;  but,  on  the  other  hand,  posscsaca  so  little  tenacity 
that  a  leaden  wire  of  2  milliiuetres  in  diameter  breaks  under  a 
weight  of  y  kilogs.  . 

Lead  fuses  at  a  temperature  of  about  885°,  ^ving  off  appreoial>l« 
T&pours  at  a  rod-beat,  without  being,  however,  sufficiently  voIatUo 
to  bo  distilled.  It  may  he  cryataliixcd  by  fusion,  by  the  same  pro- 
cess as  that  indicated  for  sulphur  and  bismuth,  and  the  crystals, 
although  rarely  well  defined,  may  be  seen  to  be  regular  octa> 
bedrons. 

Lead  Boon  tamislica  in  tlin  nir  at  the  ordinary  temperature,  an 
extremely  superficial  layer  being  formed  oa  it,  which  is  supposed  to 

*  TBOtalum  was  dSncaTnTtt  in  IflOI,  h]r  Untofaett.  is  nn  American  mineral,  for 
vliicli  ri-aauD  \hf  cnllcd  it  celumbuiBt ;  nhilo  in  ihc  follniiiiijc  JtaT  it  was  Bjtaiti  i\m- 
OOTcrci  in  b  t^wcijiiih  niinernl  \iy  Kkvbcre,  nlio  cutd  to  it  the  noinc  ef  (anfoJum. 
Niobiam  and  pdnpium  noro  (Ii>uoier«<l  in  IStO,  W  R.  Rdiic 
llmcnliini  wng  rcfngniMd  M  *  pooallar  tnetnl  In  1817,  hy  HvnnanD.  {Titt  os- 
let«nM  or  llinenlura  Is  yet  n  matt«r  af  dispute,  ■,■  aome  ehemisu,  anil  citpc^lftll/ 
Ro»«.  rfguril  Ihc  iluieuic  add  found  in  auniErikite  a>  an  iiupuie  uiobic  aoi^— 
W.L.F.] 
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be  the  suboxide  Pb^O ;  ftnd  irhcD  maintained  in  a  fitato  of  fusion  in 
the  Kir  oxidizes  very  rapidlv.  Daring  the  first  few  moments  it  is 
eoTercd  with  lui  iridescent  pellicle,  vrEioh  soon  clianges  into  »  yel- 
low pulverulent  duBt^vhilc  at  a  red-heat  oxidation  advances  rapitlly. 
Tlie  oxido  PbO  then  comes  into  fusion,  and  must  be  raa  off  in  order 
thst  the  oxidation  should  continue. 

L«»d  oxidises  in  damp  air  and  the  vapour  of  aoidf,  oren  in  thkt  of 
carbonic.  Distilled  vater,  likewise,  under  these  circotnstanoes,  acta 
th«  part  of  an  acid,  in  con-ieqaeccc  of  the  atGnity  of  wntcr  for  ths 
oxide  of  lead;  and  a  sheet  of  lead  dipped  into  distilled  water  be* 
comes  covered  with  a  pellicle  of  white  hydratod  oxide,  or  hydro- 
cnrboaate,  which  eometimes  forms  small  crystalline  spangles,  risiblo 
with  a  lens.  The  water  itself  contains  a  quantity  of  hydrated 
oxide  of  lend,  sufficient  to  be  detected  ty  being  blackened  Dy  sulf- 
bjdrio  acid.  The  presence  of  a  small  cjuantity  of  some  salts,  chicliy 
mlphate  of  limci  prerents  tho  oxidation  of  lead,  for  which  reason 
th«  cSeeu  described  are  not  obserred  in  common  spring  or  well 
Wfcter. 

CoBcantnited  boiling  chlorohydric  acid  acta  but  very  feebly  on 
leMJ,  and  dilute  sulphuric  acid  attacks  it  oixly  when  the  air  has 
sccen  to  it;  while  hot  concentrated  sulphuric  acid  converts  it  into 
•alpbat«with  disengagement  of  salphurous  acid.  ^Nitric  acid,  which 
is  tse  best  soivent  of  lead,  actA  on  it  at  the  ordinary  teoipar 
with  the  evolotioB  of  reddish  vapourB,  nod  forms  soluble  nitntO' 
oflewl. 

COMPOCNDS  OF  LEAD  WltH  O.WUEN. 

1 959.  Three  compounds  of  lead  with  oxygen  ere  known: 

A  saboxide  Fb,0. 

A  protoxide  PbO. 

A  binoxide  FbOu  or  plumbic  acid. 

Again,  protoxide  of  lead  and  plumbic  acid  can  combine  in  rsnoos 
proportions,  forming  several  intermediate  oxides,  called  miniums^ 
of  vliich  reddead  is  the  most  important. 

iSuhride  of  Lead  Pb.O. 
S  060.  Suboxide  of  lead  is  a  blacic  powder  obtained  by  heating 
.  tlM  oxalate  to  a  temperature  of  ftl'l"  in  an  oil-bath,  until  gaaeooa- 
'  onic  acid  and  oxide  are  no  longer  disengaged.    The  reaction  ia 
lied  by  the  following  cciuation  : 

2(PbO,C.OJ-Pb.O+3CO.+CO. 
The  opinion  of  some  chemists,  who  regarded  suboxide  of  lead  as 
an  intimate  mixture  of  metallic  lead  with  protoxide,  ia  shown  to 
be  OTOCieouB  by  the  following  reactions: — When  the  suboxide  ia ' 
rvbbecl  with  mercury,  the   tatter   dissolves  absolutely  nothing;; 
hot  solution  would  take  place  if  any  metallic  lead  existed  in  tns^ 
mixtore.     Again,  by  treating  the  saboxide  with  an  at^ucous  sola- 
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tton  of  sugar,  no  protoxide  of  lead  is  ditsolTcd,  allowing  that  nons 
exists  in  the  eultoxldc,  ud  el3«  it  vrould  imaicdiatcly  dissolve. 

But  by  treating  8utjoxide  of  lend  with  strong  acids,  even  wfaeo 
tbey  ars  dilute,  it  is  coorcrtcd  into  protoxide  PbO  wliicb  dieaolreB, 
and  into  metallic  lead.  A  temperatnrc  aboTe  750°  immediately 
efiectfl  the  same  docompoeition  ;  when  the  calcined  snbstancQ  parts 
with  its  lead  to  mercury,  and  ynilL  its  protoxide  of  lead  to  a  solu- 
tion of  sugar  in  water. 

Suboxide  of  lead  bcatcd  in  the  air  burns  like  tinder,  and  is  COD- 
verted  into  protoxid*  of  lead  FbO- 

Protoxide  of  Lead  PbO. 

g  961.  Protoxide  of  lead  is  obtaiucd  by  tbc  calcinntion  of  nitrato 
or  carbonate  of  lead  in  tha  form  of  a  yellow  powder,  which  fuses  at 
a  red*h«&t,  and  yteldn,  on  cooling,  a  maxai  composed  of  crystalline 
lamella!,  in  which  state  it  is  called  Utharpf,  while  the  name  of  ma*- 
tieot  is  given  to  tbe  piilrirrulcnt  oxide.  Well-defined  rhombohedral 
crystals  of  protoxide  of  lead  are  Bometimes  found  in  the  fisHnres 
of  lead  fnrnaces.  Litharge,  when  fused  in  an  earthen  crucible, 
readily  acts  on  the  latter  by  combining  with  silicic  acid  and  per- 
forating the  crncibie. 

Ilydrated  oxide  of  lead  iH  obtained  by  adding  ammonia  to  a  cold 
arfution  of  a  salt  of  lead,  whf^n  a  white  precipitate  forms,  which 
readily  dissolves  in  a  soUnion  of  potasHa,  soda,  or  ammonia.  On 
evaporating  the  liquid,  the  oxide  of  lead  i»  deposited  in  the  anhy- 
drous state,  in  tbc  form  of  brownish -yellow  lamellic,  resembling 
those  of  litharge.  Solutions  of  baryta  and  cauatio  liiBc  may  be 
substituted  for  those  of  the  alkalies.  Ily  adding  a  concentrated 
solution  of  a  salt  of  lead  to  milk  of  lime,  prcTJously  heated  to  ebul- 
lition, the  oxide  of  lend  is  precipitated  in  the  form  of  small  and 
very  heavy  cry.'<tals  of  a  beautiful  rod  colour,  which  are  more 
easily  procured  by  boiling  a  concentrated  solution  of  caustic  soda 
with  an  excess  of  protoxide  of  lead  and  nllowinc  tbe  liquid  to  cool. 
The  red  crystals  of  protoxide  of  lead  retain  their  colour  whoQ  they 
aro  alowly  cooled  after  tbe  application  of  heat,  but  turn  yellow 
wh«Q  (be  cooling  is  sudden.  Thus,  protoxide  of  lead  may  a^umo 
very  different  colours,  all  varieties  of  which  are  found  in  tho 
litharge  of  commerce. 

Protoxide  of  lead  acts  thfl  part  of  a  true  acid  with  powerful 
ba3«3,  and  its  solution  in  alkalies  should  be  considered  as  saline. 
The  compound  of  oxide  of  lead  with  lime  has  even  been  obtained 
crystallized.  A  solution  of  oxide  of  lead  in  lime  is  sometitnea  lued 
for  dyeing  hair  black  ;  which  effect  is  produced  by  the  oxide  of  lead 
reacting;  on  the  sulphur  oontaincd  m  tho  organic  matter,  when 
black  sulphide  of  lead  is  formed.  The  same  solatioa  is  abo 
in  the  manufacture  of  artificial  tortoise-shell. 
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iVotoxiilA  of  lead  contftias 

Lmd 92.83 

Oxygen 7.17 

100.00 

Tho  woll- ascertained  isomorphism  of  screral  cotDpoands  of  load 
with  the  aDalogoos  compoimdB  of  baryta  and  lime,  lettves  no  doubt 
u  to  tbe  formula  of  the  protoxide,  n.nd  it  is  vritteo  PbO,  whcnc» 
tbe  eqaivaleot  of  lead  is  deduced  aa  103.7. 

Binosride  o/Leadt  or  Ptttmbte  Acid  PbO^ 

S  963.  Binoxide  of  lead,  oflcn  called  also  pucc-cotoured  oxide  of 
Uad  on  account  of  its  colour,  is  prepared  by  treating  heated  red 
lead  triih  dilute  nitric  acid,  which  dissolves  the  protoxide  nnd 
Imtm  the  plumbic  acid  in  the  form  of  a  broirn  powder.  The 
nitric  acid  must  be  renewed  until  no  tuore  oxide  of  lend  Ib  dis' 
aoWed;  after  nhicb  tbe  plumbic  acid  is  dried  at  a  teiiiperalur& 
below  212°.  Plumbic  acid  is  also  obtained  hj  treating  6nely  di- 
vided protoxide  of  lead  enxpended  in  water  by  chlorine  in  excess^ 
or  by  adding  a  solution  of  an  alkaline  hypochlorite  to  a  boiling  solu- 
tion of  acetate  of  lea<l.  A  certain  quantity  of  chloride  of  lead, 
wbich  in  the  livtter  case  is  precipitated  with  the  plumbic  acid,  ia 
rcnaored  by  boiling  tbe  precipitate  several  times  with  water,  in 
wbich  the  chloride  is  quite  soluble. 
Flambic  acid  contains 

1  eqoiv.  oflead 103.7  88.47 

1     "        oxygen 16.0  11.58 

119.7  100.00 

Heat  readily  dceompoees  plumbic  acid,  by  driving  cS  half  of  its 
oxygen  nod  conYerliog  it  into  protoxide  of  lead.  Plumblo  acid 
dM8  not  combine  with  the  acids,  but  gives  off  a  portion  of  it^  oxy- 
gen to  those  which  arc  Bu«ceptible  o?  superoxioation;  when  salts 
of  wotoxide  of  lead  are  formed.  It  rapidly  absorbs  stilphurou* 
aoia  with  an  elevation  of  teoipcruLiire,  iind  furms  protosulphate  of 
lead:  which  property  of  plumbic  acid  is  often  applied  to  the  seps- 
ratiou  of  sulphurous  acid  gaa  when  mixed  with  other  gases.  It  also 
loses  one-balf  of  its  oxygen  when  hoatod  uitb  concentrated  euU 
pbunoacid,  and  is  couTcrted  into  the  prutosulphate.  With  cblorohy- 
dric  scjd  it  evolves  chlonne  and  yields  protochloride  of  lead  PbCI. 

fitaoxidc  of  lead  readily  oombiaoa  with  bases  forming  several  crys- 
tallisable  salts,  for  which  roason  it  has  been  called  piu7>i6K  acid. 
Pltimbatc  of  potossa  is  obtained  by  beating  a  mixture  of  caustic 
potaMa  and  binoxide  of  lead  enlirely  freed  from  protoxide.  Tbe 
binoiide  of  lead  is  placed  in  a  silrer  omoiblc,  and  intimately  mixed 
with  a  highly  concentrated  solution  of  caustic  potsssn ;  after  which 
h  »  slowly  and  gently  heated,  while,  from  time  to  time,  a  small 
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qunatity  of  the  eubstaned  is  dissolved  in  a  littlo  w«t«r  and  decoa 
poMd  hy  nitric  ncid.     W}ien  a  copioas  deposit  of  plumbic  acid 
oanM,  the  combination  maj  be  considered  as  effected.     A  email 
quantity  of  water  is  then  poured  into  the  crucible,  and  rapidl  j  de- 
canted vbilc  it  is  still  hot;  when  the  solution  deposits,  on  cooling,,, 
colourless  and  transparent  octahedral  crystals  of  plumbste  of 
tHSa,  of  the  formula  KO,PbO,+8HO.     The  alkaline  li<iuid  fl. 
ing  above  the  crjst&ls  contains  no  plumbic  acid,  becaasc  plumb 
of  pota»sa  is  nearly  insoluble  in  cold  alkaline  solutions.     It  is  de- 
conipugcd  bj  solution  in  freeh  water. 

Fiurabates  of  baryta  and  time  are  obtained  as  insoluble  com< 
pounds  by  beating  in  the  air  a  mixture  of  these  bases  and  mtmuca 
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InUrmediaU  Oxidft  0/  Lead,  Miniums. 

5  963.  IJy  heating  finely  powdered  protoxide  of  lead,  or  id 
sicot,  in  the  air  at  a  properly  reguln-ted  temperature,  it  absorbs 
oxygen  and  is  c»nTerted  in  a  beautiful  orange-red  powder,  called 
minium.'^  The  composition  of  this  substance  varies  according 
the  prolongation  of  the  roasting;  and  by  continuing  it  until  t 
minium  no  longer  increases  in  weight,  the  product  in  found  to  p 
sent  a  composition  corresponding  to  the  formula  2PbO,PbO,.  It 
has  been  accidentally  found  crystallized  in  the  liHRurcs  of  a  furnace 
used  for  the  preparation  of  minium,  and  prcRcnttng  the  characters 
of  a  well-defined  compound,  the  composition  of  which  corresponded 
to  the  formula  3PLO,PIjOj.  Protoxide  of  I«ad  and  plumbic  ncid 
may  very  probably  form  several  doliuite  cocnpounds  ;  but  minium 
should  not  be  cousidered  as  a  peculiar  oxide  of  lead,  os  it  bchavca 
in  all  its  chemical  reactions  like  a  compound  of  the  two  oxides  Just 
mentioned.  When  treated  with  nitric  or  acetic  acid,  the  protoxide 
of  lead  is  diasolrcd,  while  the  plumbic  a^ld  la  net  free ;  which  rea< 
tion  is  gcDcraliy  employed  for  the  preparation  of  tlio  Utter  eul 
stance. 

Mininm  may  be  obtunod  in  tho  humid  way,  by  adding  a  sola 
tion  of  plumbutc  ofpotassato  an  alkaline  solution  of  litharge;  when 
a  yellow  precipitate  of  hydratod  minium  is  formed,  which  is  cob- 
verted  by  deaiccation  into  a  red  powder  of  anhydrous  minium. 

.A,  largo  quanlcty  of  minium  is  used  in  the  manufacture  of  cry 
tal  glu^s  (§  liHtJ). 

In  order  to  prepare  minium,  powdered  litharge  is  oxidized  in  a 
reverberatory  furnace  at  a  temperature  which  snould  not  exceed 
fiTO**,  the  massicot  being  generally  prepared  from  very  pure  lead 
expressly  for  tho  purpose.  Tlic  furnaces  have  two  Btories,  in  the* 
lower  one  of  which,  where  the  temperature  is  highest,  the  lead  is 
oo&Tortcd  into  massicot,  always  taking  care  that  the  temperature 

'  V«  ilictlugulBlt  oommoTcI&Il}-  two  luada  of  minium :  mange  ninertl,  Uic 
«oI«ar  qT  wbioh  is  ini1ii;at«i'J  b/  tlic  uninc  ;  and  rtd-le<ii,  nLlcli  prcseuU  »  £li« 
fmnmon  hu*.— IK.  /,./". 
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does  not  rise  Rafficiontlj  high  to  fuse  the  oxide  of  lead,  bocatise  th« 

Boverting  of  lilh«rgo  which  is  not  in  the  state  of  powder  into 

Dinioin  hj  routing  is  effected  on);  irilL  great  diflicnity.     The 

Bicot  ftrigjng  from  this  operation  is  generally  aubjecteU  to  leyi- 

itioD,  to  free  it  from  the  pvrticlcs  of  tnctnllic  IcAd  it  may  contain; 

':er  which  it  is  placed  in  the  upper  furnace,  which  is  heatetl  only 

the  wute  hest  of  the  lower.    It  is  sometimes  simply  spread  in  a 

[lin  layer  orer  the  floor  of  the  second  furnace,  its  surface  being 

^yenewed  from  time  to  time  by  stirring  it  with  an  iron  rod ;  while, 

[•t  other  times,  it  Is  placed  in  sheet-iron  boxes  arrsuged  in  the  fur- 

tsaee.     In  some  manufactories,  only  one  famacc  is  used  for  the 

iting  of  the  lead  and  the  conrcrsion  of  the  massicot  into  minium. 

lead  is  first  oiidized  to  litharge,  which,  after  being  powdered 

ad  lerigated,  ia  disposed  in  flat  shcct-irou  dialtL-s,  which  arc  piled 

I  in  the  hot  fbrnace.    The  doors  nro  then  closed,  and,  during  the 

'  cooling  of  the  furnace,  the  greater  part  of  the  massicot  is  con- 

into  minium.     Itcd-lead  of  a  good  tonality  is  then  obtained 

repeating  the  operation. 

A  certain  quantity  of  minium  is  also  prepared  by  decomposing 
rbonato  of  lead,  commonly  called  eeruee  or  tvhito-lead,  in  the  air ; 
ihea  a  prodott  of  a  paler  colour  tkao  that  of  red-lead,  namely, 
n^e  mineraty  is  obMined. 

SALTS  FORBIED  BV  THE  PROTOXIDE  OF  LEAD. 

1 964.  The  protoxide  is  the  only  oxide  of  lead  which  lacta  the 
iiirt  of  a  baac  with  acids.  It  Is  a  powerful  base,  the  afCnitics  of 
vhich  are  scarcely  inferior  to  those  of  baryta  and  lime.  It  is  dis- 
hed among  the  mt-lallic  bases  by  Its  tendency  to  form  basic 
Ita,  which  often  presetil  all  the  cliortietcrs  of  definite  compounds, 
he  eolutions  of  which  turn  the  red  tincture  of  litmus  blue.  Thc 
ilts  of  lead  are  poisonous:  in  small  doses  they  occasion  colic  and 
pains  ia  the  intestines.  Worlccrs  in  lead,  particularly  house  painters, 
re  highly  exposed  to  the  disease  called  had  or  ^ainter'a  colic; 
b«  best  treatment  of  which  consists  in  administering  drinks  oon- 
itntng  a  small  quantity  of  sulphuric  acid,  or  sulph&te  of  sods,  in 
ler  to  convert  tbc  oxide  of  load  into  an  insoluble  sulphate. 

Sulphate  cf  Lead. 

S  965.  Sulphate  of  lead  being  insolublo  in  water,  is  easily  pre* 

rsd  by  pouring  an  alkaline  sulphate  into  the  solution  of  a  Holuble 

It  of  lead.     A  large  quantity  of  this  product  is  obtained  in  the 

_riDg<4heds  where  alum  is  decomposed  by  acetate  of  lead  in  order 

obtain  acetate  of  alumina  in  solution.    AUhaogh  the  sulphate  is 

■early  insoluble  in  fresh  water,  it  readily  dissolves  in  acid  liquids, 

id  particularly  in  an  excess  of  Btilphurie  acid.     Attention  must 

J  aid  to  this  solubility  in  chemical  analyses;  in  which  case  the 
remainiog  in  the  liquid  ia  separated  by  a  current  of  ralf  hydric 
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acid,  whicli  precipitates  it  as  sulphide.  Conceotrat&d  clilorobjc 
acid  decomposes  gulpbate  of  load,  especially  ikt  the  boiliD^  pointil 
and  transfonns  it  Iiito  cryatalUue  spangles  of  cbloride  of  Iead(] 
which  reaction  proves  that  in  &  liquid  coatainiag  an  excess  of  lij-j 
drochlorio  acid,  the  chloride  of  lead  is  more  iDSoluble  than  ' 
sulphate. 

Solphate  of  leud  ctiiiuot  lie  decomposed  hj  beat;  being  the  onh 
Bolpbate,  amon;;  those  of  the  metals  of  the  fourth  class  vrbioh  w< 
biLve  now  Htuclittd  which  possesses  this  stability.     When  healed  tftl 
a  high  temperature  in  an  earthoQ  crucible,  the  sulphate  is  Dcverj 
theless  decomposed  near  the  Eiiles  of  the  vessel,  by  forming  silic&H 
of  lead  by  contact  with  the  silex  of  the  crucible.    Sulphate  of  leajj 
is  easily  reduced  by  charcoal,  tlie  producta  oF  decomposition  vaiy-i 
ing  vith  the  temperature  and  proportion  of  charcoal  used.     If 
charcoal  be  present  in  excess  and  heat  applied  suddenly,  the  si 
phate  is  transformed  into  a  protosnlphiiJe  PbS;  but  if,  on  the  con^lj 
trary,  the  temperature  be  slowly  raised,  a  considerable  quantity] 
of  sulphurous   acid  is  disengaged,  and  the  subsulphide  of  lead] 
Pb,S  is  foriDcd.     WhcD  only  the  quantity  of  charcoal  absolutely 
Decesaary  to  convert  the  sulphuric  into  sulphurous  acid  and  to 
reduce  the  oxide  of  lead  is  used,  perfectly  pure  metallic  lead  r< 
mains;  while  with  only  one-half  of  this  quantity  of  charcoal,  thi 
protoxide  PbO  is  obtained. 

By  heating  1  equiv.  of  sulphate  and  1  equlv.  of  protosulphidc  of 
lead  together  in  an  earthen  crucible,  sulphurous  acid  is  disengaged,^ 
and  2  equiv.  of  metallic  lend  remain ; 

PbO,SO,+PbS=2SO.+2Pb. 

But  by  heating  a  mixture  of  2  euutv.  of  sulphate  and  1  eqmfi, 
of  sulphide,  the  sulphur  is  again  disengaged  in  the  state  of  ao" 
phurous  acid,  hut  oxide  of  leail  remains  with  the  metallic  lead : 

2(PbO,SO.)+PbS=SSO.+2PbO+Pb, 

These  two  reactions  are  applied  in  the  metallurgy  of  lead. 

L-on  and  zinc  decompose  sulphate  of  load  by  placing  the  motab 
in  acidulated  water  containing  sulphate  of  lead  tQ  suspensioa; 
when  the  lend  scpn.rat08  in  the  raetallic  state. 

By  boiling  solutions  of  the  alkaline  carbonates,  sulphate  of  leaf 
is  decomposed  and  converted  into  carbonate.  The  decompositioi 
ia  much  more  easily  effected  Ijy  the  dry  way. 

Nitrate  of  Lead. 

§  966.  Nitrate  of  load  is  prepared  by  dissolving  litharge,  or  white 
lead,  or  also  metallic  lead,  In  an  excesii  of  nitric  acid,  taking  car^ 
in  the  latter  case  to  keep  the  acid  in  excess.    The  hot  solulioc 
when  saturated,  deposits  regular  octahedrons  of  nitrate  of  lead 
cooling,  which  are  sometime;;  tranaparcnt  and  sometimes  opakf 
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CMC  anhydrons.    CoH  water  diBSolves  only  aboat  ,J  of 

fis  weight  of  nitrate  of  lead,  while  it  is  much  nioro  solublo  in  bot 

mter.     Crystals  of  nitrate  of  leail  decrepitate  on  hot  coa.1s,  and 

ifted  the  combostion,  like  aJI  the  nitrates.     Kitrato  of  lead  is  de- 

jIMoipoBcd  by  heat  into  hyponitric  acid  which  is  diaengaj^ei],  and 

oxide  of  lead  which  remnins.     We  have  seen  (§  US)  that  this 

impoeition  is  applied  in  the  laboratory  to  the  prcparatioD  of 

^kjrpoutrie  a^d. 

Bj  boiling  a  solution  of  nitrate  of  lead  vith  the  oxide  or  c&r* 
lata  of  lead,  aliquid  is  obtained  which  dcpoeits,  on  cooliog,  large 
|«yBUl8  of  a  basic  nitrate  2PbO,KO,+HO. 

A  nitrato  of  lead  pOBsessing  atil)  higher  bailc  properties  Is  ob- 
uned  by  trcatine  the  nitrate,  or  bibasto  nitrate,  with  aoimonia, 
"hen  a  white  precipitate  of  the  formala  4PbO.NO,+31IO  in  formed, 
large  ozwes  of  ammoiua  dftconipoieB  the  precipitate  and  leaves 
fdrated  oxtdc  of  lead. 

K&riUt  c/  Lead. 

§  967.  When  thin  sheets  of  metallic  lead  are  digcatcd  with  the 

plication  of  heat  in  a  solution  of  nitrate  of  lead,  a  great  portion 

'tJie  I«ad  is  reduced  withont  any  disengagement  of  gas,  and  the 

raid  osBumcs  a  yellow  colour,  and  deposits  crystals  on  cooling, 

llrhich,  when  treated  with  an  acid,  disengage  copious  nitraus  fumes. 

f  Several  different  salts  may  be  obtained  ty  varying  the  proportions 

|«f  metallic  lead.     By  digesting,  at  a  temperature  of  from  140"  to 

1 176°,  1  equir.  of  nitrate  of  lead  dissolved  in  a  large  (jiiantity  of 

Water  with  1  equiv.  of  metallic  lead,  until  the  lead  is  entirely  dis- 

'•tlnd,  »  yellow  solution  in  obtained,  which,  on  cooling,  deposits 

fargt  yellow  crystalline  lamelhy  of  the  formula  ■2P!iO,NO,  +  H0. 

The  reaction  producing  them  is  expressed  by  the  following  eqoa- 

PbO,NO,+Pb+HO=2PbO,NO.+HO. 

The  crystals  are  readily  decomposed,  even  when  cold,  by  a  s«Iii- 
tiAa  ef  carbonate  of  pota»sa;  when  carbonate  of  lead  is  precipi- 
tated, and  the  liquid,  when  allowed  to  evnporatc,  deposits  succes- 
■Tily  erystals  of  nitrate  and  nitrite  of  potassa.  It  is  probable 
bout  thia  that  the  yellow  crystals  contain  no  ready  formed  hypo- 
■^ttie  acid,  for  this  does  not  appears  to  be  able  to  produce  true 
**1!m  compounds,  but  that  they  contain  nt  the  same  time  nitrite 
>i>i  aitrate  of  lead.  Their  formula  mar,  thijrefMC,  bo  written 
2PM).N(>.+2PbO,-\0,+21IO. 

Bv digesting  3  equiv.  of  metallic  lend  with  s  solution  of  2  rqiiiv. 
flfailrato  of  lead,  until  the  former  is  completely  dissolved,  a  liquid 
■aobtatned  whieh  depo«itJ  small  orange-coloured  crystals,  much  leSB 
■olnble  than  the  yclluw  Ituucllic.  The  formala  of  these  crjetala  is 
7fti0.2NO.-l-8EO:  they  are  also  decomposed  by  the  alkaline  car- 
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bonftt«fi,  &nd  tho  solution  vhich  r&sults  from  tho  reaction  yields,  on 
ovaporatioD,  alknlliio  tiitrutc  und  nitrite.  By  coDsidertug  this 
cocnpound  as  containiog  iiitrato  aud  nilrito  of  lca,d,  wo  may  vTite 
its  formula  4PbO,NO,+3rVO,NO.+3IIO.  Tiic  same  compound 
is  obtained  by  boUtttg  a  solution  of  the  yellow  salt  with  oxldo  of 
lead. 

Lastly,  by  boiling  for  a  long  time  vith  an  excess  of  metallic  lead, 
cither  a  eolution  of  nitrnto  of  lead,  or  of  tbo  ycUov  or  oritngo- 
ooloured  salts  just  doscriled,  small  rose-coloured  crystals  of  thft , 
formula  4I'bO,NO,+  HO  nro  obtained,  vrliich  arc,  coniieriuontly,  a 
^QBdribasic  nitrite  of  lead.     The  neutral  nitrite  of  lead  is  easilif  j 
prepared  with  the  basic  salt,  by  suspending  the  latter  in  water  andj 
pasinDS  through  it  a  current  of  carbonic  acid  gas;  when  5  equiv. 
of  oxide  of  lead  are  precipitated  as  carbonate,  while  the  liqnid,  on 
being  evaporated  in  vacuo,  depo«iits  yellow  prismatic  crystals  of 
anhydrous  nontral  nitrite  PbO,NO,.      Hy  means  of  this  neutral 
nitrite  of  lead,  the  soluble  neutral  nitrites  are  easily  prepared  by 
double  decompoBJtion,  by  adding  to  its  eolution  that  of  the  car- 
bonate or  sulphate  of  the  base  which  it  is  deaired  to  obtain  ia 
combination  with  the  nitrous  acid. 

Phonphates  of  Lead. 

§  D6B,  Rovcral  compounds  of  o.Tidc  of  lead  with  phosphoric  acid 
are  known,  corresponding  to  the  ra»dification.t  of  phosphoric  acid 
described  §  .S42.  By  pouring  a  solution  of  ordinary  phosphate  of 
soda  (2NaO-l-HO)P0.4-24HO,  into  a  solution  of  iiitrato  of  lead, 
a  white  insoluble  precipitate  in  obtained,  which,  however,  dissolves 
readily  in  an  excess  of  acid  or  alkali.  The  formula  of  the  preci- 
pitate is  {2PbO  +  HO)POj;  it  luclta  readily  before  the  blowpipe 
into  a  yellow  globule,  assumirg  crystalline  f;icets  on  solidifying; 
which  character  is  sometimes  uaed  as  a  blowpipe  reaction  for 
phosphates. 

A  basic  phosphate  SPbO,FO^  is  obtained  by  treating  the  pre- 
ceding salt  with  ammonia.  The  other  phosphates  have  been  but 
little  studied. 

A  phosphate  of  lead  combined  with  a  certain  quantity  of  chloride 
of  lead,  which  ocoura  in  nature,  and  ifi  called  phoaphatt  of  lead, 
cryatikllisca  ia  regular  O-stdod  prisms,  belonging  to  the  rhombohe- 
dric  system.  Its  colour  ia  a  more  or  less  greenish  yellow,  and  its 
formdo  is  3{3PbO,POJ+PbCl. 

Siticatea  of  Lead, 

§  969.  Oxide  of  lead  and  silicic  acid  combine  in  all  proportions, 
and  form,  after  fusion,  vitrcuus  substances,  which  have  a  yellow 
tinge  when  the  proportion  of  oxide  of  lead  is  considerable.  Tho 
silicates  of  lead  enter  into  the  composition  of  glass,  and  havo  boca 
treated  of  under  this  head  (§  6G9). 
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Alumittate  of  Ltad. 

{970.  A  compound  of  oxido  of  load  with  alomina  oocora  id 
Utore,  in  which  the  l&tt«r  eabstsoco  j>Iiiys  tho  port  of  aa  add: 
lb»  formula  of  tiie  ininoral  is  PbO,2Al,0,+6HO. 

Ch^<matc»  t^  Ltad. 

S  971.  The  neutral  chromato  of  \<xA  FbO.CrO,  is  obtained  in  the 
Ibnn  of  a  beautiful  yellow  powder  by  adding  a  solution  of  neatral 
[■Metato  of  lead  to  cue  of  neutral  chTomato  of  potassa.     The  salt  is 
wed  in  oil-painting,  under  the  namo  of  e/irome  yeUow,  and  also 
f foils  application  in  dyeiof;.     The  fthado  of  chromato  of  lead  varies 
fwith  the  more  or  lew  perfect  neutrality  of  the  salts  used  in  preci- 
pitation, and  according  to  the  ^cutcr  or  Icsa  dilution  and  the  tetn- 
praturo  of  the  liquids.     Neulrul  chromnto  of  lead  is  found  in 
isturc,  forming  beautiful  red  prismatic  crystals,  which  yield  a. 
rellow  powder. 

A  bibasic  cbromatc  of  lead  2PbO,CrO,  ts.obtnincd  by  fusing 
leutml  chromate  of  leai  with  nitrate  of  potassa;  when  beautifol 
e<]  crystals  are  deposttod  nt  the  bottom  of  the  emciblo.  The 
gruatant  nitrate  of  potassa  is  decaolod,  and  tho  crystals  of 
ue  cbromate  of  lead  an  washed  as  quickly  as  possible. 

AMtatfg  of  Lead. 

S  972.  Neutral  acetate  of  lead,  which  is  extensively  used  in  dyo- 
;,  is  prepared  by  treatinf^  litharge  with  acetic  acid  or  vinegar, 
ig  Cftre  to  have  an  excess  of  acid,  to  prevent  the  formation  of 
.ic  acfltntes.  The  litinid,  evaporatect  slowly,  yields  large  crystals, 
if  which  the  formula  is  PbO,C,Il,0,-t-3HO.  (The  formula  of 
ic  acid,  at  its  maximum  of  concentration,  is  C,TI/),+nO.) 
solution  of  acetate  of  lead  is  perfectly  neutral,  and  absorbs 
small  qnantity  of  carbonic  acid  from  the  air ;  when  tlie  sides  of 
e  vessel  become  covered  with  &  thin  deposit  of  carbonate  of  lead, 
bile  th«  solution  manifests  a  sli&ht  acid  reaction.  Crystals  of 
eutral  acetate  of  lead  part  with  their  water  in  a  dry  vacuum,  and 
hen  healed.  After  melting  in  iheir  water  of  cryftalliziition, 
which  thoy  lose  entirely  at  a  temperature  of  212'*,  they  undergo 
the  igneous  fusion  at  about  374°  ;  and,  when  heated  still  further, 
lose  a  portion  of  their  acetic  acid,  which  is  partially  decomposed 
by  diacngD^iue  carbonic  acid,  while  a  basic  acctato  3PbO,2C,H,0, 
renttins,  whi<£  is  itself  decomposed  at  a  higher  temperature. 
Acetate  of  lead  has  a  sweet  taste,  which  becomes  astringent  and 
metallic ;  and  it  dissolves  in  ^  of  its  weight  of  cold  water. 

By  boiling  a  solution  of  neutral  acetate  of  lead  with  a  quantity 
of  litharge  equal  to  one-half  of  that  which  tho  acetate  contains,  a 
liqnid  is  obtained  which,  after  evaporation,  deposits  crystals  of  a 
basic  acetate  of  lead  of  the  formala  SPbO,2C.U.O,-HHO.    By 
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boiling  the  same  aolatlon  wttli  a  quantitj  of  oxide  of  lesd  eqaai  to 
tbftt  waich  the  neutral  acetate  contaios,  r  liqaid  rct^alr^  vhicli  jiclds 
crystals  of  a  etill  more  basic  Ball,  anil  of  which  tho  formula  is 
3rbO,CAO,+HO. 

Lastly,  by  boiling  the  aolation  of  the  last  baaic  sslt  with  an  ex- 
cess of  oxide  of  lead,  a  rcrj  slightly  lolublo  compound  is  obtained, 
ivhich  is  lUinoflt  eutirely  depo!iit«<l  oa  cooling.  Its  formula  ia 
6PbO,C,H,0.. 

In  medicine,  %  aolation  of  baaic  acotato  of  lead  ia  employed, 
under  the  name  of  ^xtraftum  eatttrni,  or  It/juor  ptumbt  $uiMetati»t 
vbich  is  ohtain^^d  by  disaohing  '2  porta  of  neutral  acetate  of  lead 
and  1  part  of  lilljargo  in  S^  parts  of  vst«r,  and  nay,  therefore, 
he  considered  oa  containing  a  mixture  of  the  two  snh-acctates 
8PbO,2C.H,0,  +  nO  and  3PbO,C.U,0,  +  HO.  The  solutions  of 
the  sub-acetatea  of  lead  have  a  very  decided  alkaline  reaction,  and 
turn  bino  the  red  tincture  of  litmus.  Carboaic  acid  decomposes 
theta,  and  precipitates  carbonate  of  lead,  while  the  liquid  oontuns 
neutral  acetate  mixed  v^ith  a  certain  quantity  of  free  acetic  acid. 

Carbonate  of  Ltad. 

§  978.  Carbonate  of  lead  is  found  crystallized  in  nature,  form- 
ing beautiful  and  highly  refracting  transparent  crystals,  belonging 
to  the  fonrth  systom  of  cryst-allixation,  and  isomorplioua  with  arra- 
gonitc.  The  aalt  is  prepared  by  double  decorapoaition  by  pouring 
an  alkaline  carbonate  into  the  solution  of  a  soluble  salt  of  lead, 
vhen  a  nhilc  precipitate  is  formed,  which  is  the  anhydrous  neutral 
carbonate,  nearly  insoluble  in  water. 

Carbonate  of  lead  is  used  in  oil-painting,  under  the  name  of 
tPhUe-lmd,  or  caruse.  It  is  prepared  by  several  processes  appa- 
rently very  difTen^ot  from  each  other,  hut  all  consisting  in  the  de- 
composition of  sub-acetate  of  lend,  produced  by  varioua  reactions, 
by  carbonic  acid. 

One  of  these  processes,  called  the  proetM  of  Cliehyy  from  its 
having  boon  first  employed  ut  Clichy,  neitr  Paris,  consists  in  dis- 
solving litharge  in  acetic  acid  so  as  to  obtain  a  solution  of  a  baaic 
a««tate  contaiuing  a  largo  quantity  of  oxide  of  lead,  and  decom- 

C'ag  it  by  the  carbonic  acid  produced  by  combustion  in  the 
ace  which  serves  to  hcnt  the  kettles  in  which  acetic  acid  is 
tetnrated  with  tho  oxide  of  lend.  To  eOect  this,  the  air  driven 
aoroBB  the  grate  of  the  furnace  by  a  blowing-machine,  is  conveyed 
by  pipes  into  the  solution  of  sub-acetate  of  lead  to  be  decomposed. 
In  some  localities  the  carbonic  acid  arising  from  the  earth  is  used 
(I  258).  Nearly  the  whole  of  the  oxide  of  lead  is  precipitated  in 
the  state  of  carbonate,  while  the  li'inid  contains  all  the  acetio  acid, 
which  is  used  to  dissolve  an  additional  quantity  of  oxide  of  lead, 
and  tbo  fresh  solution  is  again  subjected  to  the  action  of  carbonio 
acid.    Tho  same  acid  may  thus  serve  for  the  transformation  of  aa 
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indefinite  qnontity  of  oxido  of  lead  into  ivhitc-lead;  but,  a  certain 
qiuntily  of  it  being  invariublj  wasted  la  the  varioua  maaipulatioiw, 
•.mall  quft&tity  most  be  added  encii  time. 

In  England,  Uthiirgc  moiatoDed  with  acotic  ncid,  or  iritli  a  sola- 
tioD  of  neutral  acetate  of  toad,  is  exposed  to  a  current  of  cftrbonic 
ftcid  gas,  produceil  by  tbo  combustion  of  cbiu'coal ;  bj  which  means 
tlie  btbarge  is  in  a  ehort  time  converted  into  the  carbonate  of 
lead. 

The  greater  part  of  the  white-lead  used  in  France  is  prepared 
hi  the  Department  of  the  North,  bj  a  procefls  first  adopted  in  IIol- 
{land,  and  called,  for  this  reason,  the  Dutch  procest.  Sheets  of 
flead,  of  from  0.12  xa.  to  0.15  m.  vide,  and  from  0.0  m.  to  1.0  m. 
jlcmg,  coiled  tip  into  a  cjlinder  Z  (%.  !iB9),  are  placed  each  in  a 
filftzed  earthen  pot,  having  two  little  projccUona  b,b, 
on  which  the  roll  of  lead  rests.  Each  pot  contains  at 
the  bottom  a.  small  quantity  of  common  vinegar,  made 
from  fermented  heer,  and  is  covered  with  a  leaden 
plate  nn  which  closes  it  imperrectlj*.  A  largo  num- 
ber of  pots  being  arranged  in  several  rowa  on  a  lajer 
of  Btable  mnnure,  nrc  covered  with  straw,  and  a  second 
Fig,  639.  pQ^.  jg  pjjcej  on  them,  with  another  layer  of  manure ; 
I  vhieh  proccas  is  continued  until  6  or  6  rows  of  pots  are  thus  ar- 
llaoged.  Lastly,  the  whole  is  covered  with  miiuure,  lictd  together 
means  of  boards,  so  as  to  allow  the  air  to  permeate  tilouly  the 
lole  mass. 

The  vinegar  in  the  pots  jielda  vapour  of  water  and  acetic  acid, 
i  vhich(  hy  their  contact,  rapidljr  oxidize  the  metal  and  corer  its 
I'fvrface  with  sub-acetate  of  lead.  On  the  other  hand,  by  the  fer- 
leoting  action  of  the  manure,  carbonic  acid  is  disengaged  and 
[the  temperature  elevated  internally,  ho  th.-it  the  acid  vapours  are 
[s>or«  and  more  copiouslyevolred.  'i'be  carbonic  acid  then  decom- 
[poscs  the  sub-acetate  of  lead  and  truidfomia  it  into  carhonate, 
ihile  the  acetic  acid  set  free  effects  the  formation  of  a  fresh  qnan- 
[tity  of  nub-acetate,  which,  in  its  turn,  is  converted  into  a  carbonate, 
id  so  OQ.  In  13  days  the  operation  is  terminated,  and  the  disks 
lead  covering  the  pota  are  nearly  entirely  converted  into  car- 
}Date.  The  leaden  rolls,  which  are  more  or  less  deeply  corroded, 
re  unrolled,  beaten  to  detach  the  carbonate,  and  then  placed  in 
!ier  pots  until  they  have  completely  disappeared.  The  white- 
is  finely  powdered,  purified  by  levigation,  and  placed  to  dry 
porous  earthen  pots. 

A  certaiai{Hantityof  sulphate  of  baryta,  or  chalk,  is  often  mixed 
white-lead,  to  discover  the  presence  of  which  the  mixture  is 
»t<d  with  nitric  acid,  which  dissolves  the  carbonate  of  lead  and 
and  leaves  the  sulphate  of  baryta.     On  evaporating  the  aolu- 
[tion  of  the  nitrates  and  treating  with  alcohol,  the  nitrate  of  lime  is 
dissolved,  while  the  nitrate  of  lead  remains  as  a  residue. 
q2 
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DisTrNcrn'E  chaiucters  op  the  salts  op  lead. 

S  974.  The  neutral  Raits  formed  by  tlie  protojude  of  lead  arc 
lonrlcs?  when  the  acid  ia  free  from  colour,  while  the  basic  salta, 
the  contrary,  are  frequently  yellow.    The  eolable  salts  hare  a  swc 
taste. 

Caustic  potnsea  »nd  eoda  yield,  Tbeti  coltl,  nhite  precipitates 
hydrnted  protoxide  of  lend,  which  dissolves  in  an  excess  of  the 
agent. 

The  alkaline  carbonates  throw  down  a  white  precipitate  of  car«J 
booatc  of  lead,  insoluble  in  an  excess  of  the  reagent. 

Sulfhydric  acid  and   the  nlkalino  sulf hydrates  produce  a  blacU 
preoipitate  of  sii]phid<>  of  lead,  even  when  the  ]i(|aid  does  not  coo 
tain  a  great  excess  of  acid,  which  docs  not  dissolve  in  an  eicess 
alkaline  euIfhydratcB. 

Solutions  of  lead  yield  with  the  soluble  sidphatcs  a  white  pr 
pitntc,  inHolublo  in  water,  which  at  first  might  be  confounded  irit 
8iilplia.t«  of  baryta,  but  which  is  eaeily  distinguished  from  the  latt 
by  boine  blackened  by  sulfhydric  acid. 

Frussiatc  of  potash  throws  down  a  white  precipitate  witli  BtltB 
lead. 

By  adding  chlorobydric  acid,  or  a  soluble  chloride,  to  a  slightl; 
concentrated  and  hnt  solution  of  ii  salt  of  lead,  a  white  precipitat 
of  chloride  of  lead  is  obtained,  which  changes,  on  coolixtg,  into  small 
crystalline  lamellje  of  a  peculinr  Jispect.  If  an  iodide  bo  substitotfd 
for  the  chloride,  gold-coloured  yellow  spangles,  which  arc  equally 
characteristic,  arc  obtained. 

Iron,  zinc,  and  tin  precipitate  lead  from  its  solutioos  in  the  mo- 
le state. 

jiLitly,  the  Baits  of  lead  arc  easily  recognised  in  the  hlowpip^^ 
because^  when  heated  with  carbonate  of  soda  on  charcoal,  in  tho 
reducing  flame,  they  yield  a  globule  of  metallic  lead,  easily  recog- 
B&SCil  as  such  by  its  physical  and  chemical  properties. 

CO-MraUNDiS  OP  LEAD  WITH  SULPJUJIL 
S  976.  The  sulphide  of  lead  PbS  corrrsponding  to  the  proton^ 
PbO,  found  in  nature  in  the  form  of  bcaulifiil  bluish-gray  and  hri* 
linnt  crystals,  which  mineralngiuls  cull  ijakna.    It  is  tlie  most  eon 
mon  ore  of  lead,  and  also  llie  most  impovtiuii,  as  it  furnishes  nearlj 
all  thti  lead  of  coniintfrco.      Tim  sulphide  is  «ibtained  directly  bl 
fusing  grain  lead  "Hnth  sulphur,  when  the  combination  takes  ptaoe' 
with  iucanilesevnc-G ;  hut  to  obtain  a  pure  sulplude,  the  mbstnnoo 
mnst  be  pulvoriacd  and  heated  a  second  time  with  sulphur.     The 
black  precipitate  effected  by  a  current  nf  sulfhydric  acid  in  a  solu- 
tion, of  a  salt  of  lead  is  very  finely  divided  protosulphide. 

Sulphide  of  lead  fuses  at  a  red-heat,  and,  if  allowed  to  cool  Tery 
slowly,  the  mass  presents  after  its  soUdiBcalion  n  crystsllino  texture, 
in  which  tho  cubic  cleavage  is  easily  distinguished.     Sulphide  of 
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j^htly  rolatile,  and  mar  be  sublimed  in  a  porcelain  tabe  in 

a  oarreot  of  gas;  when  the  cilder  parte  of  tho  tube  bocomo  coatod 

vitb  ctnall,  tmt  extremelj'  brilliant  cubic  crjstab  of  sulphide 

y     Sulphide  of  lead  reacts  readilj  in  tbe  air,  the  prwlacts  rarying 

''Trith  the  temperature  and  manner  of  conducting  the  operation ;  ana 

vhile  s  (^rvnt  deal  of  »utpfaate  and  oxide  of  lead  is  generally  formed, 

A  Urge  quantity  of  mi^tallic  lead  may  also  be  obtained.     We  bare 

^seen  7$  9^)  that  by  keatinfi  1  equiv.  of  sulphate  vrith  1  equir.  of 

nlpbide  of  lead,  2  cquiv.  of  metuUic  lead  are  obtained  urith  discn- 

Lgagement  of  gulphuroua  acid ;  and  agatu,  by  heating  1  equiv.  of  sul- 

" '   '    with  2  eqniT.  of  protoxid©,  giilpburotw  acid  is  disengaged,  and 

cqtilr.  of  nsctallic  teud  remain : 

PbS+2PbO=8Pb+SO^ 
As  will  easily  be  conceived,  these  various  reactions  may  occur 
during  the  roosting  of  Bslpbide  of  lead  ;  and  we  shall,  in  fact,  meet 
Tilh  examples  of  tbis  in  the  metallurgy  of  lend. 

Sulphide  of  lead  iH  not  appreciably  acted  on  by  chloruliydrio  or 

by  dilate  tialpbiiric  ncid;  bat  concentrated  boiling  »ulp)iuriu  acid 

oocmrts  it  into  sulphate  with  diseagugeuiuut  of  liulpburom  add. 

K itrtc  acid,  even  wlirn  diluted,  acts  readily  on  galena ;  and,  whan 

tbe  acid  is  mixed  with  a  BulScienc  quantity  of  witter,  tbo  sulpbnr  is 

Bet  free,  while  the  lead  dii>eoIvca  in  tho  frtate  of  nitrate.     Fuming 

■Dttric  acid  converts  the  Hiilphide  itfto  sulpha.te;  and  lastly,  nitric 

kcid  in  »  state  of  medium  concentration,  traosfonus  a  great  portion 

of  the  iiiilphiilp  into  Mulph:ite.  -nbile  the  remaining  sutpbtdc  yields 

lfr«e  anlpbnr  and  lead  which  dissolves  in  the  state  of  nitrate. 

'      By  heating  1  e^uiv.  of  Hulpbide  of  lead  with  1  ciiuiv.  of  metallic 

'lead,  a  fll^^al^lphide  of  lead  Pb^  is  obttdnud,  vbicli  id  constantly 

[Diet  with  in  tho  mntiulurgy  of  lead,  wbcru  it  forma  what  arc  called 

lleadtn  matU.     Sulphide  of  lead  appears  to  p08BeS8  the  property  of 

'  oumbining  with  larger  ijuantitica  of  load. 

COMPOUND  OP  LEAD  WITH  SELESITTM. 

Seteoide  of  lead  has  been  found  in  some  mines  of  galena, 
iefly  in  the  Hartz  mountalna,  forming  cry^ttalUne  masses,  with 
l)te  cleavage,  clmcly  rceembling  galena.  Selenium  is  extracted 
ibis  mineml,  by  heating  in  a  crucible  an  intimate  mixture  of 
sclcnidc  of  lend,  nitrate,  and  carbonate  of  soda,  and  trcat- 
_  the  fiued  niaf^  with  bulling  water;  nbcn  a  solution  i»  obtained 
jeoDtaiuin^  tieleniate  of  soda,  wiiich  is  separated  by  cr^'StnlUzution. 
'Thi>  iwleuiate  is*  then  bulled  with  an  exef-*s  of  cfilorohydric  acid, 
Lvhicb  coaverta  the  sck-nii:  into  sclenious  acid ;  and,  lastly,  the  aele- 
|3iittm  'as  precipitated  by  sulpburuus  acid. 

COMPODNDS  OF  LKAD  niTH  ARSESIC. 

{  976.  Lead  and  arBeoic  combine  readily,  and  produce  very  brittle 
FtryetaUino  compounds. 
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COMPOUNT)  OF  taut  WITH  CELOBINE. 

§  977.  Lead  is  onsily  aoted  on  by  cWorino,  yieldiufi  hut  one  coift- 
pound,  the  protoclilorifle  of  lead  PbCI.  Clilorido  of  lead  is  rtidily 
prepared  by  heating  lithnrge  with  chlornhydric  ncid,  by  which  thfti 
oxiue  is  {raii&fornied  into  »  white  crystalline  powder,  fomiod  of  BmaUt] 
acicwlur  crystaln,  or  small  BpanglcH.  The  clitoride  is  hut  i^lightlfi 
eoluhle,  especially  in  cold  water;  and  is  deposited  from  a  hot  &alu-i 
rated  solution,  on  cooling,  in  the  form  of  xmii]!  cryntiLlH,  only  a  »mi" 
proportion  rctoainioi;  in  the  mother  llqiiid.  Chloride  of  lead  fuse, 
without  decotnpoBltion  hefore  attaining  a  red^hoat,  and  congeaU  intM 
a  EiibstAncc  rcaemblinj;  horn,  and  divisible  by  a  knife ;  while,  at . 
higher  temperature,  it  gives  off  copious  fumes.  It  maybe  jH^f 
by  double  decomposition,  by  pourinp  a  aolution  of  sea-salt  inlo 
concentrated  solution  of  a  silt  of  lead. 

Chloride  and  osddo  of  kad  combine  in  several  proportions,  pr 
ducing  oxychlorides,  which  crj-Btullizo  readily  by  fusion,  and, 
account  of  their  boiiutiful  yellow  colour,  are  used  tii  paintinp,  under- 
the  names  i)^  mineral  ifdlow,  I'ojttel  r/dloTff,  Tiirnrr't  yellow.  Ca»-, 
se]  yolltiw,  which  i«  prupareJ  by  fusinjr  tofretJier  10  parl^  of  red-] 
lead  and  1  part  of  sal-ntiunoniac,  consiwts  of  iarce  crystalline  lamcl-J 
!»,  of  the  formula  PhCl  +  7PhO.  Tiirrier'a  yeUow  i»  obtained  by 
allowing  a  paato  innde  with  7  parts  of  litharge,  1  part  of  eca-eal^  ' 
and  a  certain  quantity  of  water,  to  rest  for  several  dayn,  and  sub-: 
flequ«ntlT  removing  tnc  soda  by  treatment  with  water,  and  fusingj 
Ac  residue  iu  a  crucible. 


COMPOrKD  OP  LEAD  WITH  lODDJB. 

%  978.  On  adding  a  solution  of  iodide  of  potaisium  to  a  Iiot 
snffieiently  dilute  solution  of  a  »tlt  of  lead,  the  liquid  dopo^il?, 
cooling,  yellow  crystolUnc  npatiglcs  of  iodide  of  lead  Pbl,  havii 
the  lustro  of  gold. 

DETEBMINATION  OF  LEAD,  AXD  ITS  SEPAR.\nON  PEOM  TITE  METALB] 
ritKTIOCSLr  STUDIED. 

§979.  Lead  ie  determined  in  the  state  of  anhydroua  protoxide 
or  as  sulphate.  It  is  frequently  precipitated  from  its  fiolutions  it 
the  state  of  carlionate,  and  converted  into  protoxide  by  calcining  toj 
rcduesa;  hut  it  is  important  not  to  calcine  the  Bub!<tance  with  Ui4 
filter,  a*  a  portion  of  the  lead  would  then  bo  reduced  to  the  metal 
lie  state,  and  attack  the  platinum  crucible,  if  the  experiment  wei 
made  in  a  vessel  of  this  niotal.  Caro  must  therefore  be  taken  tc 
Dcparato  the  aubstanco  from  tho  filter,  and  drop  it  into  the  crucibU 
after  which  the  filter  is  burned  at  the  end  of  a  platinum  wire  hek 
over  tho  crucible,  so  that  the  calcined  matter  may  fall  into  it.  The 
crucible  i»  theu  heated  to  rednetts  orer  an  alcohol  lamp :  while,  for 
the  eoko  of  greater  certainty,  the  substtuiQe  is  vioi^iivd  ivLlh  n  f^j 
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I  of  nitric  acid,  «bi1  tteain  calcined.     AdkIosoiu  procauiioos 

ttORt  b«  obfterred  during  the  caJcinalion  of  Bu)puAt«  of  leud,  tfao 
BulphaM  b«ing  rvduQcd  to  salplLido  by  contact  with  orgonio  iniitt«r. 
Lead  b  Mpantcd  from  th«  ulk«lme  ntota.ls  bj  many  of  Hie  solu- 
ble carbonAtcs  nod  sulpbatcs,  or  by  sulf  hydric  ncid,  nil  of  which 
rtmgcots  precipitate  only  the  lead.  It  is  separated  from  mognosia, 
klnmiiu,  the  oxidc-^  of  manganese,  iron,  chrome,  cobalt,  nickel,  xinc, 
ote.^  by  the  alkaline  eul]>hut«a  or  Bulfhydric  acid;  and  from  csU- 
mtnm  ny  the  alkmline  sulphates,  which  procipitato  only  tbc  load.  It 
is  scparnled  from  titanium  by  a  curr<.-nt  oi  sulfhydric  aciil  passed 
through  the  strongly  acid  liquid,  hy  which  the  load  alone  is  prccipi- 
tat4.-d.  In  order  to  aepnratc  lead  from  tin,  both  metals  arc  precipi- 
tated together  by  an  »lkaline  carbonate,  luid  aflerward  by  calcin* 
iag  the  precipitate  and  treating  it  with  nitric  acid,  the  tin  is  COD- 
rened  into  i)i»nnic  acid,  and  the  oxide  of  lead  into  nitrate  of  lead; 
tho  Utter  olonc  is  dissolved  by  treating  again  vrith  irater. 

TE8TIS0  OF  LEAD  0BB8  BY  TUB  DRY  WAY. 

§  980.  Galena,  which  is  tho  principal  ore  of  lead,  is  teeled  by 
heating  to  a  strong  red-heat  in  an  earthen  crucible  a  mixture  of 
20  gr.  uf  pulverized  ga.loiis  with  30  gr.  of  black  flux  and  6  or  6  gr. 
of  small  iron  nails,  called  Paris  (dfi*;  when  the  galena  i«  decom- 
posed, itM  sulphur  couihiuiug  partly  with  the  iron  am]  partly  with 
the  alkaline  matter  of  tlic  black  tlux,  and  tho  load  separatee)  and 
forma  a  button  at  the  bottom  of  tUo  crucible.  After  cuuHng,  the 
l«ad«n  ball  is  extTactod  by  breaking  the  erucibk,  and  flattened 
oo^r  a  hammer,  to  sec  that  it  coutium)  no  iron  nuiU,  and  then 

^■^^Aed.     The  Bmali  i)uaDtity  of  lead  remaining  in  the  shig  ia  of 

^^^^Iqport&nce  in  ordinary  Uuting. 

^B  ALLOTS. 

HB  i  981.  Lead  forms  sererol  alloys  used  in  tho  arts,  tho  piindpal 
r  of  which  nrv,  type-melal,  composed  of  antimony  aud  IcaJ,  and  the 
alloys  of  lead  and  tin  Ui>cd  for  eoldoring  and  iu  the  mfinufacturc  of 
tin  nirn-^iK 
Tho  alloy  used  for  type-metal  corroHponds  nearly  to  the  formata 
i^b,  and  is  composed  uf 

Lead 76.2 

Antimony •>*•• 2S.8 

lOO.O 

nnall  quantity  of  bismuth  is  sometimes  added. 
Thia  alloy  is  analyzed  by  means  of  nitric  acid,  which  dissolvea 
le  lead  in  the  state  of  nitrate,  and  converts  the  aniimonr  into 
ilttDODic  acid.  It  h  evaporated  to  dryncM  to  drive  off  tho  oxdc88 
•ciil,  after  which  water  cBigolves  the  nitrate  of  lead,  and  leavoB 
ias<^ablo  antimony.    Aj  it  i«  difficult  to  convert  the  whole  of 
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the  antimony  into  antimonic  acid  by  means  of  nitric  aoid,  it  is  pr 
ferabte  to  rcdaoe  the  rouduc  to  tbc  otatc  of  metallic  antimonr,  by 
beatinj;  it  in  a  plasa  tube  in  a.  ciirrtnt  of  hydrogen  gsa.  The  Icud 
is  then  determined  cither  differentially,  or  as  sulphate  by  procjpi- 
tuting  the  solution  coutAining  it  by  un  nlkalino  eulpbatc.  If  the 
alloy  oontwQcd  biHmutb,  tho  residue  oblaiued  by  evuporating  the 
nitnc  fiotutiou  to  dryu&ss  must  again  bo  treated  with  water  aeidn- 
Utcd  with  nitric  acid,  in  order  to  diMolve  the  lead  and  bismnlli; 
afVer  wbicli  tbu  liuuid  is  carefully  saturnted  with  nninioDia,  whiol 
would  precipitate  tbcbiamuih  without  precipitating  tho  lead,  nnlc 
agreat  excess  were  added.  Tbe  perfect  separation  of  lead  and  bts«| 
muth  is  difficult. 

Ttcod  and  tin  combine  readily  in  all  proportions ;  and  the  fn 
bility  of  th*"  nlloys  formed  greatly  varies  according  to  tbo  propo 
tions  of  tbc  two  met&Is. 

Pure  lead  fueca  at 635.0° 

The  alloy  Pb,Sn  " 552.2« 

"       PbSn  « 465.8* 

«        PbSn,  " 384.8* 

«       PbSn,  " 866,8"' 

"       PbSn.  '* 872.2" 

"       PbSn,  " 881.2" 

Pure  tin  " 437.0" 

ThiLi  the  most  fusible  nlloy  corresponds  to  the  formula  PbSi 
and  fu^es  ut  a  temperature  loner  tlittn  that  of  the  most  fosible  me-J 
tal  which  votpm  into  hs  composition.      These  alleys  are  easili 
destroyed  by  eli<jaatien  (S  316). 

For  tin-ware,  tin  is  alloyed  with  12  or  18  pet  cent,  of  leail,  bi 
vbich  tbc  metal  is  rendered  harder  and  more  easy  to  be  weiked  ii 
a  latlic. 

Plumber's  solder  ia  composed  of 

Tin 1  part. 

Lead 3    " 

This  Bolder  fuses  at  about  527". 
Tin-worker's  solder  contains 

Tin 1  part. 

Lead 1    " 

Tbc  alloyii  of  tin  and  lead  are  easily  analyzed.  It  suffices  to 
uttack  the  alloy  with  nitric  acid,  which  dissolves  the  lead  and  con- 
Tcrtu  the  tin  into  inHoliihle  stnnnicacid  ;  when  the  tin  is  determined 
in  the  state  of  calcined  stannic  acid,  and  the  lead  differentially. 

METALLURGY  OF  LEAD. 

§982.  A  great  number  of  minerals  containin"  load  are  found  in 
nature,  the  principal  of  which  itrc  sulphide  of  lend  or  galena,  tlie 
Mlenide,  carbonate,  chloropbospbate,  and  chromatc.    Tlio  eulj^iide 
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id  eubonate  of  lead  are  Ui«  oalj  miucralii  sufficieotly  rich  to  b« 
woiled  to  adyantage. 

Galpna  is  f^enerally  fonnd  in  roins  traTcrsmg  tho  primlUre  aud 
transition  rocKS,  8knd  also  oflea  forms  pipoveins  of  greater  or  le$s 
size  ta  the  tranmtioa  roekit  and  tho  lover  stage  of  the  eocoadary 
rooks.  Lastly,  certain  sandstones,  lictoii^og  to  the  ruriegatcd 
•todfttone  (hunter  gandstein)  forRuition,  nrc-  impregnated  vith  lonnll 
pmins  of  galena,  nhich  are  ea«ly  separated  mochoaiicaUy,  when  tlie 
HitdstODe  u  nut  too  bard. 

Gnleua  always  undergoes  a  mechanical  preparation.  Tbc  oro  is 
Snt  sorted  by  hand,  and  the  pieces  sufficiently  rich  nrc  srnoltcd  iin- 
nediately,  while  the  remainder  is  crushed  between  cylinders  and 
sifted.  A  frcah  quantity  of  ore  fit  for  melting  is  thus  obtained, 
bettd«8  an  ore  closely  mixed  with  ganji^ie,  which  is  stamped,  and 
then  washed  in  boxes  or  on  tallies.  These  preparations  jleltl  a 
dod^  of  greater  or  loss  fineness  of  grain,  -whicli  is  sent  to  the 
smdting'hoase. 

Galena  oAea  contains  enough  silver  to  allow  it  to  be  extracted 
with  advuntags ;  and  its  mctallurgic  treatment  ib  llicn  diructvd  to 
tlie  extraction  of  both  the  lead  and  silver.  Some  galenas  arc  mixed 
with  copper  pyrites,  and  then  yield  a  sitfficient  (juantity  of  copper 
to  nuke  them  valuable  for  tlie  extrsction  of  that  metal. 

Carbonate  of  lead  forms  small  pipe-veins  in  the  secondary  rocks, 
and  exists  most  frfquciitly  in  the  vicinily  of  the  galena-mliies.  Its 
llctallurgie  treatmem  ii*  very  simple:  it  is  ftiBed,  in  contact  with 
charcual,  iu  small  blast-furnaces,  cjilicd  elbiyW'ftintacct ;  wlien  the 
kad  is  reduced  and  easily  separated  frura  tlie  slag. 

The  moat  common  gangiie  nf  Icjid-nre  is  qnartz,  carbonate  of 
lime,  eulphnte  of  baryta,  and  fluor-spar.  Care  must  be  taken  that 
the  mcltiug-bcd  contains  BuhstanccR  ei^eatinl  to  an  ea»y  fii-^ion  of 
the  slag;  for  which  reason  it  is  often  necessary  to  add  foreign 
nWsDceo,  in  order  to  obtain  more  fusible  seorite. 

( ^83.  The  metallorgic  processes  by  means  of  wtiich  lead  is  ex- 
traetod  from  galena  are  dlvidod  into  two  classes : 

In  the  first,  the  ore  is  smelted  with  metallic  iron,  wlitch  scparateB 
the  sulphur  from  the  lead  and  form»  a  fusible  aulphide  of  iron,  while 
the  lead  is  act  free.    Theoretically,  the  mixture  for  smelting  should 


1  efiiuv.  of  sulphide  of  lead 1<)9.7 

1      "  "         iron 28.0 

147.7 

From  which  are  obtained 

I  eqniv.  of  lead 1D3.7 

1     '*  sulphide  of  iron 44.0 

147.7 
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Tlie  oecontl  method  is  founded  on  the  rcnctiona  nlrcndv  men- 
tioned (§  1)65).  ^  \ 

Bj  fiudng  toj;etber  1  equiv.  of  mlphide  of  lead  njid  2  cqalv.  ofl 
oxide  of  load,  S  ei)uir.  of  metallic  l«a<l  x.re  obtftjoed,  while  1  cquiVjj 
of  Bulphurotui  add  is  disengaged : 

PbS+2PbO=3Pb+SO,. 

By  molting  togolhor  1  oquir.  of  solphido  and  1  cquiv.  of  sulpljBt 
of  lend,  2  c'ciuir.  vf  aulphuruua  add  nru  diflongagoi^  vbllc  2  cqoiv-.ii 
of  niatatlic  load  are  obtnined. 

The  proccM  founded  on  the  reactions,  and  called  the  prtteta  fty ' 
rtactioii^  consUts  in  roasting  the  galena  in  a  rererberatory  funittos-: 
until  a  certain  cjunntity  of  oxido  and  eulphate  is  formed,  and  then 
giving  n  blaat,  after  having  iutimateljr  mixed  ike  mnterial  ajid  I 
cloaeu  all  tlie  duorR  of  the  fumaoe.  During  thi%  second  period  ofi 
the  operation,  the  reaction  between  the  Bulphate  and  sulphide  takefl^i 
place,  and  the  lead  iti  »cpiirn.ted. 

§  U84.  The  reJiiction  of  gjilcnn  by  iron  is  nsed  especially  in  the 
case  of  ores  nhich  are  accompunied  bj  a  very  eiliceous  ^jigue,  anil^ 
whicb  are  not  very  amenable  to  the  proccM  l>v  reaction,  because 
great  part  uf  the  oxide  of  lead  coDibiaea  uritli  the  sileix  and  nc 
loQg«r  reacts  on  the  sulphide.    The  process  by  iron  is  employed  toi 
a  great  rxlvul  oa  the  IlurU  Moimtains;  and  the  foUoiring  is  tbel 
plan  adopted  in  the  smelting;  works  of  Clatisthal: 

A  incltlug-bed  is  made  of  sorted  orea  and  sludges,  which  ai 
mixed  with  gruuuhir  eiiKt-irun,  and  with  various  seeondary  prodactfl- 
of  the  further  truatmcjit  of  tin;  ores,  the  origin  irf  which  wo  shall 
auoceesivcly  explain.     I'Lo  cbargc  is  generally  compoaed  of 

84  CTt.  of  sorted  ore  and  eludgo,  containing  24  cirt.  of  pi 

pileiia. 
4  to  5   "     of  tto  debris  of  the  cupelling  furnaces,  which  is  stronglyj 

imjiregimted  with  litliargc. 
1    "     of  Bcrnpiiigs  [ahtitrieii)  of  cupelktion. 
89    "     of  slag  arising  from  a  first  fusion  vS  the  ore,  or  yieMe 

by  the  fiwion  of  the  leaden  Btones,  or  inatls,  the  oh- 

ject  of  which  addition  is  to  assist  the  fusion  of  llie 

gnngiics- 
1|    "     of  granular  catit'iron. 

Thp  fQBJon  is  effeetod  in  a  blast-furnace  (figs.  540,  541,  542,  ane 
543),  about  18  or  20  ft-tit  high,  and  measuring  3  fcft  at  it«  grcatcsl 
width.     At  the  ln>ttoiu  uf  ibe  hearth  ik  a  crucible  which  partlj"  pro-' 
jcctM  from  thu  furiiaci^,  the  base  of  which  is  formed  of  two  bloclts  of 
aandatone,  making  a  gutter,  on  which  a  mixture  of  clay  and  char- 
coal* 18  heaped,  so  as  to  form  a  cavity  whioh  extend*  boyond  the 


♦  Two  (lilTpreiit  mi«ttirM  of  tlay  and  chnrr-tml  iPO  einjiloycrl  in  vnrionn  operm- 
tlima  ocourring  In  il>«  Gi^minn  nii>lho(la  of  Bmeltins:  ouhi  ocDviiting  of  2  parte  of 


iibtalldust  or  liab. 

fornic*.  A  tAp-hole  opening  ul  the  lower  part  of  rlio  crucible  pcr- 
raiifl  tl»e  es4;:&|>c  of  the  liquid  produeu  wliich  liavp  thrre  nprrnmulatod ; 
sod  thpy  mm  Iwl  iuui  a  Bpconrf  cniciblc  K,  which  is  wliollv  extern*!. 
The  furnace  recoire*  the  hlasl  of  two  takers  amingi*d  oii  the  oppo- 
isitc  side  of  the  tvmp. 

Kg-  MO.  Fig.  Ml. 


Tig.  Mii. 

ore  18  chxrged  on  llie  siilp  of  ihfl  tiivflnt,  and  the  fiiol  on  tha: 

"  eei>t»-T«nt.     As  elag  poddenly  cooled  by  the  cold  air  *lwi»j» 

leres  aroond  the  tayent,  the  vorkman  ^rrangett  them  8o  s«  to 

•  cmnitl  which  prejerts  for  about  G  inchen  into  tho  fumaco,  and 

m&kcs  a  prolongation  of  the  taycr,  which  he  caIIh  the  no$e 

tiMfani  1  »f  ekarMftl.  cklM  *fk»frtt  s/WuttU i  ami  am  oonMlning  I  of  cIa;)L»<I 
'\at  ctemk).  eallcd  UkJttM  fttbuMt.    Th«  Ont  I  >hall.  in  the  following,  Cf uialal* 
'  l«ai)F  Artfjfpif,  MBd  the  MCOod  bj  lulU  tmujut. 
'Ta  t^  ■■  iBwlsa  ttoDM"  (AUrtM)  I  iiiM  prt  tkc  French  iiune«f  mttf.— IT, £.  F. 

Toi-  n.— a  13 
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of  the  tnyer.  The  otjcct  of  the  nose  is  to  convey  the  air  imimj- 
diately  npon  the  fuel,  and  pr>ovcut  it  from  firet  piiAriitit;  throagli  tbo 
ore,  which  would  be  tliua  exposed  to  an  oxidizinji  uctiuu,  and  part 
with  a  great  deal  of  oxide  of  lend  to  the  ecoriw.  Tbo  smelter  must 
also  be  careful  to  ;5ive  a  proper  nhajw  to  llic  Time  of  the  luyer,  aod 
to  modify  it  according  tc  the  blast  of  the  furnace. 

The  temperature  must  not  be  very  Ligb  in  the  upper  part  of  the 
furnace,  as  othorTiso  ft  largo  proponion  of  gnloim  wontd  be  roU- 
litiicd.  In  all  casce,  the  gnses  pass,  on  loaviug  the  throat  G,  aod 
before  reachinc  the  cliiinney  T,  acveral  condcnBing-chambcrs  ar- 
ra.nged  above  the  snitOling-fitrnacc ;  where  a  plumbifvrous  diist  is 
copiously  deposited,  which  is  carefully  collected  and  thrown  into  the 
melting-bedB. 

Biritig  the  smelting,  the  scoriae  flow  off  continually,  an  aMintant 
detaching  thotie  which  haxe  become  Bolid,  and  drawing  them  out 
with  a.  hook.  When  the  inner  basin  is  full  of  metallic  products,  the 
Oanal  commonicating  vith  the  basins  D  and  £  ia  opened;  when  the 
substance  flows  into  the  external  crucible  K, 
and  there  dividea  into  two  layers;  the  infe- 
rior layer  being  metallic  lead,  and  the  upper 
Btratum  conaiHting  of  sobsiUphide  of  lend 
rbaP,  mixed  with  other  metallic  sulphides 
which  exifited  in  the  ore.  and  with  that  of 
iron  arising  from  the  reaction  of  the  meiallic 
iron  on  thn  galena.  T\m  substance,  nhich 
is  called  tfu-Jirat  leadni  matt^  soon  soUi.lifi(;e, 
and  ia  then  withdrawn  with  a  hook  and  »ct 
a.«td«.  The  workman  then  removes  the  lead 
with  a  ladle,  and  runit  it  into  moulds  which 
v|^Hgive  it  the  shape  of  lenticidaT  diske.  The 
'^^f  poorest  Hcoria.',  that  in,  those  least  rich  in  lead, 
are  rejected,  whilo  thoeo  which  float  on  the 
matt  in  the  pot,  and  which  always  cont^n 
some  grains  of  lead,  are  set  aside  to  be  added  to  a  sub&eijuent  charge ; 
thougli  poor  scorifc  arc  somctJmea  used  for  this  purposu  when  rich 
scorife  are  wanting.  The  eharges,  or  gmelting-beds,  the  compoei- 
tiOQ  of  which  wo  have  juat  indicated,  yield  19  cwt.  of  lead,  and  7 
or  R  cwt.  of  the  first  louden  matt,  containing  from  2  to  2j  cwt.  of 
lead. 

§116.1,  The  first  matt«  are  collected  in  the  foundry,  and  when 
there  is  suflicient  quantity  of  them  to  be  worked  up,  thcT  are  roasted 
in  heaps  on  a  layer  of  fuel ;  when  a  large  portion  of  too  sulphur  is 
disengaged  in  the  state  of  Bulphurous  acid.  Tbo  roasting  lasu  for  8 
or  4  weeks ;  after  which  the  material  ia  sorted,  and,  while  tbc  pieces 
sufficiently  roasted  are  eonnidered  an  resdv  for  amelting,  the  others 
are  again  roasted.  Four  micce^ire  roastings  arc  necessary  for  the 
proper  preparation  of  the  material. 


Klg.  543. 
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A  cliarge  of  matt  i»  coinpo8«<l  of 
82  ewt.  of  roiuttefl  matt. 

32    '^    of  rich  scoriie,  sTining  rrom  the  smeltbg  of  the  ores. 
or  5    **   of  debris  of  cupclhttion. 
2    "    of  scrapings  («i»("ff A.) 

2    "    of  scoria;  arising  from  the  reduction  of  litharge. 
1    "    of  granntar  cnst-irnn. 

The  roasted  mntlo  arc  smelted  in  an  elbovr-fumace,  vrhieli  U  & 

Rnall  bladt-furriace  (ft^.  644,  54^,  aiid  MG),  about  4.5  feet  to  height, 

mdeiie<I  at  its  npper  part  C.     Fig,  '>i6  reprp-tfiits  a  horizontal  sec- 

tjon  of  it  made  at  iho  height  of  the  toyer,  while  fig.  545  shows  a 

'tcrtical  section  through  the  line  XY  of  the  plane  (fig,  54fi);  and 

ywtlj,  fig.  544  gives  an  anterior  vic«r.     The  furnace  i«  fed  by  a 

FiK-  M4.  Pig.  Ufi. 


i,,jj|.. 


^-■-■^■1 


■B^c  tayor  T,  at  the  cxtrcmitj  of  which  a  noee  of  4  inchen  in 
Imgth  is  allowed  to  funn.     At  the  bottom  of  the  furuac«  in  a 

jucd  crucible  E,  projecting  purlij  from  the  furnace,  and  com- 
j;,  hj  means  of  a  caiial.  with  an  external  crucible  F,  placed 

lower  level. — Coko  is  the  fuel  used. 
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By  ttic  roasting  of  tlio  mutt,  a  large  portion  of  the  Bii]phido  of 
iron  lias  pikssed  into  the  Htnt6  nf  oxifle,  nhicb,  during  the  liision  ia 
tJio  clhotr-ftiniace,  tioutbincK  with  the  silicates  of  the  scoriio  ntid 
with  the  afilicR  of  the  fuel,  fonning  very  fusible  Bcoriic,  which  flow 
constautly  from  the  furnace.  The  itiilphiiie  of  lead  is  reduced  hy 
the  metallic  iron,  and  u  fresh  ottftntitv  of  lead  nnd  R  second  malt 
unaloguus  to  tht'  first  u.re  foruiou.  M'ueD  the  matt  a  solidiliod  it  is 
removed  and  act  ajtido  to  be  »gain  worltod,  while  the  raetfillic  loud  is 
ran  into  di^ks. 

A  smcliing-h«d  of  first  mntt,  composed  as  we  have  intlicoted, 
yields  12  cwt.  of  lead  and  S  cwt.  of  second  matt. 

The  Het^nnd  mattt  n.rc  sutijectcil  to  a  lumilar  treatment,  being  sub- 
jected to  3  or  4  eucceasive  roaatings,  and  then  passed  througli  the 
elbow-fiiriiaiip,  with  addittons  Htiiiilur  to  ibose  of  the  firat.  A  oer. 
tain  quantity  of  metallic  lead  U  thus  obtained,  nod  a  third  matt, 
wliicli  is  roasted  in  iu  turn  and  mi-ltfd  in  the  clbow-fumace,  yield- 
incan  iKldittonrd  qua&titr  of  load  and  a  fourth  nintt. 

The  allluity  of  the  copptir  r.\iBting  iii  the  original  ore  for  tral- 
phur  being  greater  than  liua  of  the  lead,  the  fonuer  pnases  indefi> 
nitely  into  tlie  uiatta ;  ao  that  the  melal,  >tliich  i&  found  in  u  vvrj 
Hinall  [(uantity  in  the  origiiifil  ore,  is  concentrated  in  the  fonrlh  miitt 
in  Bufficient  <|uaiitity  to  luahe  it  a  very  rich  ore  of  copper,  uud 
capable  of  being  ad^'antngeously  worked.  It  iti  called  the  copper 
matt. 

§  986,  Wlien  the  gaiigue  of  the  galena  is  but  plighllv  sillceouB. 
the  process  by  reaction  is  preferred.  It  is  adopted  in  Lcglaud,  tit 
Carinthiu,  and  tlio  majority  L>f  the  lead -foundries  Jn  Frimce.  pai-- 
ticularly  ut  Poullauen  in  Brittany,  and  Pont-Gibaud  iii  Aui'ergnc 

The  ore  is  deposited  in  tlic  state  of  eludge  on  tbf  floor  of  a  reyer- 
bcratory  furnace  (flgs.  54T  and  uia)  of  about  9  or  12  foot  in  length, 
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b  wbidi  the  foaed  lead  collects,  and  whence  it  flows  thronch  a  smftU 
canal  into  caet-iroD  pots  0.    O^v  cliargc  ia  inacrt«d  througli  an 


Fig.  648. 

■pper  aperture  T,  furnislieil  with  a  hopper.  Three  lBl«ra1  open- 
iogs  «,  o,  0  are  made  m  both  of  the  op|jositc  faces  of  the  fiirKacc, 
and  servo  as  working-holes.  Pit-coal  ia  biimed  on  the  grate  F; 
and  the  flame  aad  currunt  of  hot  air,  after  having  pnaaed  through 
dte  fomace,  traverse  long  coDdensing  cliambors.  in  which  they 
depodt  the  Bubstanoee  carried  OTer  mechanically  or  hj  volati- 
liiation. 

The  qnaatil^f  of  ore  treated  in  the  fumtico  at  a  time  Tories  in 
difierentfoundries :  20  or  25  cwt.  are  unvd  in  EiigUud.  The  ore  is 
^r«ad  evenly  over  the  floor,  nndroaptcd  from  2  to  4  hours  at  a  dull 
ied*be.it :  when  Hulphurotu  acid  is  disengaged,  while  a  large  ijuau- 
tity  of  osidt?  nnd  aii!ph:ite  of  lead  is  formed.  The  worlcman  stirs 
it  fireqaently.  In  order  to  hasten  the  roasting,  at  the  end  of  which 
operation  the  working-doorH  an^  elnntMl  nnd  a.  bXstat  of  air  i-t  ad- 
,aiitted.  The  unaltered  sulphide  of  lead  then  reacto  on  the  oxide 
and  on  the  fiulphatc ;  metallie  lead  and  a]f«i  the  Htibaulphide  Fb^ 
irhich  forms  a  verj  fosible  plumbeous  niAtt,  are  separated,  llie 
fniwd  mbntancea  colWtinp  in  thi>  inner  excavation  are  allowed  tu 
Xtin  oDt  after  some  time,  afier  nhich  the  material  remojutng  on  the 
is  again  rouitcd  by  openiii;^  the  wnrliing-doors,  and  stirring 
muB  with  iron  rods,  while  the  temperature  of  tlio  fnmaco  ia  at 
I  the  same  time  allowed  to  fall.  The  doors  are  then  again  closed, 
and,  ajiother  bladt  of  air  being  admitted,  an  additional  quantity  of 
lead  ii  reduced.  TheBe  alternate  operationa  are  several 
llinea  repeated. 

Ia  90U0  works  small  ((tiantilt(»  of  lime  are  ^rom  time  to  time 
iwn  00  the  floor,  iu  urdi?r  to  leesen  the  fusihility  of  tho  slag; 
ic  in  others  powdered  charcoal  is  added  at  a  certain  period,  m 
dcr  to  decompose  the  oxysulphides  of  lead  which  form,  and  retard 
lO  roasting  when  it  progresacB  too  rapidly.    Toward  tho  clouc  of 
le  operation,  when  the  greater  part  of  the  lead  has  run  off,  there 
remain*  on  the  hearth  a  scorified  slag,  impregnated  with  metallic 


198 


LBAV. 


lead;  a  large  portion  of  which  ia  Bejmra.te(l  bj  ftdmitting  a  blast, 
and  allowing  the  furnace  to  cool  slowly.  This  last  atageof  tho  ope- 
ration is  called  the  tweatmg.  The  whole  operatioii  requires  7  or  8 
hours  in  EngUml,  and  12  or  16  in  France. 

The  matts  arising  from  the  rcvprberatory  famace  arc  added,  ia 
iho  Knglish  works,  to  the  roasting  of  n  fresh  ti«antity  of  ore ;  while 
in  moAt  of  tbu  continental  works  they  ai-e  passed  through  an  elbow- 
furnace. 

The  matts  are  &cqu«ntly  roasted  in 
a  bean,  and  then  smelted,  after  »  pro- 
per addition  of  scorise,  in  a  vcrj-  low 
~i3  elbow-furnace,  aillcd  «  Scotch  hearth, 
in  vhiob  a  reaction  takes  place  between 
tho  sulphate,  the  oxide,  mid  sulphide  of 
lead,  wliile  metallic  lead,  a  tnatt,  nnd 
Bcori«9  are  obtaiiitsd.  I'ig.  SftO  repre- 
sents a  horizojital  scctiun  of  a  Scotch 
furnace  ;  and  fig.  64!)  fihowfl  a  Tertical 
rif.  549.  cut  through  tlio  lino  AB  in  fig.  69O. 

The  furnace  is  only  3  feeb 
ill  height;  snd  the  blast  is 
furnished  by  a  tiiugle  luyer 
'!'  Tliu  metallic  lead  and 
:  itt  arc  collected  in  a  cast* 
ii  jTipotM.  The  workman 
\.  vvvrs,  from  time  to  time, 
I !  I  :  ^'  which  accumalatea 
ut  the  bottom  of  tlio  fur- 
nace, and  (IS  it  eoiitain» 
throws  it   back  into  the 


T 
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a   coiksidcrahlc   (juantity    of    lead,    he 
furnaKC. 

§  987.  Tlie  lead  arising  from  these  different  procefwos  often  con- 
taJnB  enough  mlvcr  to  allow  the  extraction  of  tlio  latter  to  be  made 
to  ftdvantnpo,  and  ia  thtm  tailed  fig-iead,  (werkblei.)  The  idlver  is 
separated  by  tho  process  of  cupdlathn,  which  is  founded  on  tho 
property  of  lead  to  oxidize  when  hi<H.teJ  in  contact  with  the  uir, 
whilo  tlio  silver,  which  romainB  uniiltcreii,  concentrates  indefinitely 
in  the  lyad  which  remains  iti  the  metallic  Matw,  and  is  left  isoUti-d 
at  the  end  of  the  operation,  when  all  tho  lead  is  oxidiKod.  ]n  order 
to  accoleratc  the  oxidation  of  the  lead,  the  litharge  formed  must  be 
removed  a«  fast  ae  it  is  producwi,  for  which  pnrpopo  the  tempera- 
ture is  kept  Mifficicntly  elevated  to  fuse  the  o.\ide  of  lead.  As  tite 
meltod  metal  forms  a  convex  surfaeo.  the  litharge  flows  conMaiilly 
into  the  space  between  the  metal  and  the  sidi'  of  the  vesael,  Mid 
the  litharge  nins  off  as  it  is  formed,  without  the  I099  of  any  mot{tl< 
lie  lead,  tbrougb  little  gutters  cut  into  the  side  of  the  vessel,  which 
arc  made  deeper  as  the  level  of  the  metal  sinks. 
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Fig.  661. 


Figs.  551, 552,  »d<1 
553  ropresGRt  a  cti< 
peilJag-'furDace,  used 
at  Clatuthal  in  the 
Ilartz.  Fig.  652  gives 
a  horixoTita]  K^ctioo, 
m*<ic  at  the  hciji^ht  of 
TthL-liiicXYoffig.551; 
and  lif!.551  reprments 
uvcrtical  section  made 
ihrouglithopliiuepafls* 
ins  turaugB  tlio  tine 
EDoffig.5&2.  Lastly. 


fig.  553  fumifllies  an  iulcnor  view  of  the  forauct.    The  cupclUnji- 

furnaco  is  a  kind  of  rererberator_r.  cotuidting  of  a  Iat«i-;il  huartli  F, 

ftnd  A  drcQbr  on«  A,  tho  t)oor  of  which,  hn\*ing  tho  shapo  of  a 

spherical  cap,  is  composed  of  brick'H  ti^  placed  edgewise  oa  a  haao 

,  «u  of  aeons.     It  ia  lined  internally  with  a  layer  of  marl  mm, 

rhich  is  carefully  heaped,  and  reDCwed  nt  each  operatioD,  and 

which  coiwtitutea  thp  eufn'l  properly  so  called.     The  arch  of  the 

.  oven  is  formed  of  a  riveted  sheet-iron  cover  C,  lined  with  dity,  and 

^suspended,  hy  means  of  cliain.1,  to  a  crane  GG'G",  by  which  it  can 

be  easily  raified  and  replaceil. 

Tbo  funiftce  lias  four  openingH :  that  hy  which  the  flanio  from  the 
llmutli  is  introdaced  ;  tno  opcniuj^s  a,  <f,  wliivb  rccuive  the  ooadn 

of  two  bellows  whtdi 
coiLSlabtly  drive  air 
over  the  sarface  of  the 
b&ih,  and  Bsaiet  tlie 
oxidntioD,  wliile,  at  the 
sametiine,tliioy  remove 
the  litharge  from  the 
surfoco ;  the  aportare 
P,  eerving  for  the_  in- 
"V    ]^  trodnction  of  the  dislw 

of  lend;  and  lastly,  the 
opening    o,    which   {.<> 
^'■^^'-  the  tap-hol«  for  the 

litharge.  At  the  commcncemont  of  tJie  operation,  this  last  open- 
[ing  ta  closed  by  the  cnpcl,  but  tho  latter  ia  gradttally  notched,  so 
to  keep  the  spont  on  a  leT«l  with  the  hath  of  metal.  The  litharge 
lovioa  from  the  hole  c  oocamtLlates  at  L  on  the  Soor  of  the  foun- 
Irj,  where  it  Holidifie.<<>. 

The  cupel  must  bo  arranged  before  commencing  the  pr<MwsB,  for 
which  porpo«o  the  cover  is  removed,  and  the  old  cupel,  being 
Btrongly  impregnated  with  litharge,  broken  into  pieces,  which  are 
added  to  the  chargee  of  the  ores  and  tnatts,  as  stated  in  H  ^^'^ 
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and  965.  The  brick  floor  it  ia  mouitciiod  witb  water,  and  ftucccs- 
sive  layers  of  marl  are  beaten  tlowo  upon  it  wiib  a  alamper.*  The 
cover  lion  beiog  replaced,  all  the  jointa  arc  ticciirdtcly  luted  with 
clsj. 


>«"'"'*"" 
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One  liuiidred  and  si-tly  cwt.  of  lead  being  introduced  into  the 
fuinaco,  and  hcett  applied,  the  metal  eoon  comes  into  fusion ;  uid 
the  bfllowa  tbuii  being  gontly  worked,  the  oxidation  coninienecs,  and 
the  surface  of  the  bnth  becomes  covered  with  a  black  clni«t  of  oxiclo 
of  lead,  mixed  with  foreign  substunccs.  Tlic  duat,  ivbicb  is  infti- 
giblo  nt  the  tomperature  ftpplied,  eonstitiile»  tbe  ecrniiings,  ((!&• 
sfn'cAx.)  'Tlio  wurkiniiti  tliruwa  from  time  to  lime  n  amnll  qiiiintit)' 
of  powdered  cliareoiil  on  tbo  balh,  and.  bytneausofa  billet  of  wood 
placed  cro&swirtc  tit  th<,-  end  of  an  iron  red,  reutoveK  the  abAtricka 
from  the  furnncc.  After  some  time,  the  fused  lith&rcc  begins  to 
appMr;  ud  after  the  first  portions,  which,  boiug  lUiMire,  aro 
aUoved  to  flow  off,  »nd  are  met  a»ide,  comes  the  pure  litharge, 
OftJl«d  merchantahl*  litharge,  vlich  c^n  be  sold  in  thia  state,  vhcn 
it  in  not  mixed  with  the  former.  The  cupellatiou  is  continued,  the 
blnitt  being  graduallT  increased  tn  accelerate  the  oxidation,  until  all 
the  Icail  ia  oonverted  into  litharge,  and  the  sQver  remains  isolated 
in  the  ehiipu  of  a  dink. 

At  the  moment  when  the  oxidation  is  arrested,  and  coasequcntlY 
when  the  cupellation  is  finished,  a  peculiar  phenomenon  is  tnaiu- 

*  A  Urer  of  msri  sbant  u  latk  in  thlcVneM  being  iuni|ietl  ilown.  Its  swfica 
ie  itgtia  looseaed  bjr  umiu  ot  «a  iron  mke,  tn  Uie  dcjitli  of  nbinil  half  an  Inoh, 
before  tho  next  Ift^r  b  he&ped  on;  an  irithaut  thi*  tii-Rcaiilinii  the  luyoia  ironld 
foRn  micceemc  bItbU  bj  llio  bent  of  lh«  fHroucc,  Had  aal  b  cgtiiolidfttcd  mws. — 

w.  L.  y. 
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___,^  ,  cslle«l  lh«  bn'ijhtninff.  During  the  kIioIo  period  of  oxida- 
&oa,  tlx:  lOfitallic  batti  appears  to  b«  more  brilliant  Ihmi  the  aidBS 
of  tlie  furnace ;  an<J  Iia  temperature  h  in  fact  higher,  unoe  it 
■htfea  Dot  only  that  of  the  eurioundintf  space,  but  also  tales  ad- 
vantage of  all  ihe  licnt  dereloiwd  hj  the  chemicnl  corabination  of 
the  lead  with  oxygen.  But  wnen  tli«  lead  is  completely  oxidized, 
the  E«<*ond  source  of  heat  rliftappcani,  the  smnll  disk  of  metallic  sil* 
ver  falls  rapidly  to  the  tfinpcriilure  of  tJio  oveu,  ajid  its  orij^inal 
brilliancy  in  n-placed  i>y  a  dull  ciilour.  On  ihc;  other  hand,  at  the 
taument.  when  ihe  last  traces  of  lead  are  oxidized,  there  exist*  oidy 
OQ  the  brilliant  surface  of  the  metallic  hath  a  pellicle  of  mcllod 
litharge,  which  rapidly  grows  thiuiicr,  jireseiitlug  the  rapid  suecBB- 
sion  of  eoloai-8  of  a  sonp-bubbic,  nnd  at  la«t  tears  like  a  Toil,  dis- 
playiug  the  sm'facc  of  lh«  metal.  Thu  uaiue  of  Irightning,  or  fulga- 
ration,  is  givoa  to  thii*  rapid  aucccsiion  of  optiwil  phenoincna. 

As  soon  as  the  brightnmg  appcnr?,  thu  worktimii  pours  iirst  hot 
ftnd  then  eold  water  on  the  nearth,  and  then  romovos  the  enkc  of 
BoUd  silver.  The  silver,  cnlled  cw/'c^  eilver,  wlii(;li  is  not  pure, 
but  contains  aboat  ^^  of  lead,  is  afterwanls  refined.,  as  will  be  de- 
aeribed  when  treating  of  silver. 

A  cnpellatiun  generally  hutts  30  hours,  including  the  time  nooflO- 
sanr  for  the  anangemeut  of  lh«  cupel. 

The  cupellation  of  lt>0  cwt.  of  pig-lead,  arising  from  the  Bmelting 
of  tlie  schlicha,  yields  at  Ctuustbal, 

56  marcs  of  silver,  (a  marc  =>  ^  pound.) 
118  cwt  of  litharge. 

21    "     of  dehria  of  cupeiUlion,  (tiorman,  heerd.) 
LS    "     ofscnipiwfja. 
ti     "     of  rich  litharge. 
The  rich  litharge,  which  \s  that  obtained  during  the  last  stage  of 
npellaiion,  is  not  mixed  with  the  rc&t  bccauee  it  contains  a  conu- 
ierahle  rjuantity  of  Mirer. 
ItlU  cwt.  of  pig-lend,  arising  from  the  Bmelting  of  the  matts,  yield 
62  marc*  of  silver. 
112  cwt.  ftf  litharge. 
21    "     of  debris  of  cvpellatioD. 
18    "    of  abstrieh. 
9    "     of  rich  litharge. 

Wood  is  the  fuel  u»eA  In  cnpellntioa. 

The  litlinrge  nri.'iing  frO'm  eiipi-llation  is  reduced  to  metallic  lead, 

nDsll  <tu:iutity  only  being  »oId  as  litharge.  The  couvcrsioD  of 
tbafge  into  metallic  lead,  which  is  called  the  revival  of  the  litharge, 

effected  by  smelting  the  litharge  in  contact  with  charcoal  in  an 
ibow-furnace,  fumifihed  wiih  un  outer  crucible.  The  scoriie  ariaing 
Froni  this  fu.'^ioii  are  added  to  the  charges  of  Ore,  and  the  lead,  after 
vioz  run  into  ban,  is  Bont  to  market. 
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§  088.  Silver  can  he  ftdvantageoiwly  cxtrnctcil  from  pig-lead 
direct  cupcUiilion,  oiilj  wlien  it  contains  at  )ensl  ^  part  of  wlvoryl 
bnt  latterly,  maoli  poorer  lead  Iihb  liceii  j>rofilabIy  worif-d,  by  fir 
snbjpcting  it  to  n  process  called  Tefming  Ay  ciyttaUizaton*  ThiyI 
operation,  which  separates  tho  lead  into  very  poor  lead  aud  into] 
such  safliRicntly  rich  for  cupullutiun,  is  busied  on  the  folloiring  pria-] 
CTple : — By  allowing  a  larKO  quitntity  of  molted  nrj^ontiferous  lead  toj 
cool  tdovrly,  and  frt-queutly  &tii-riug  the  liquid  mam  witli  an  ire 
spatula,  a  cryMJilIiiio  powder  of  a  poor  lead  is  soou  formed,  whic 
moy  he  skiraincd  off  as  fast  as  it  is  produced ;  and  by  thus  suoet 
sivcly  separating  n  portion  of  tlie  lead  In  the  state  of  imperfocC  crj 
tal«,  the  CTcatcr  part  of  the  silver  h  left  in  the  metal  r>oinaitua| 
fluid,  whicli  tluis  becomes  niuch  richer.  Hy  properly  repeating  the 
opemtiona,  either  on  the  mass  which  has  been  removed  in  the  aolij 
8tat«,  or  on  the  portion  poured  off  in  the  litjuiil  litatc,  on  the  or 
hand  a  poorer  and  poorer  load  is  ohtainttd,  and  on  the  other,  leui 
which  is  inoTc  imd  nittro  rich  in  silver.  Only  that  lead  which  coa.-> 
tains  11  proper  quantity  of  silver  18  subjcctoa  to  cupellalioD,  the 
mainder  Icing  sold. 

§  9H9.  Metallic  lead  is  technically  used  in  the  shape  of  Bheet-!c»d 
for  roofing  housfis,  lining  bathin^-tubn,  making  gutters  and  Hiout 
fur  conveying  water,  etc.  etc.     In  the  manufacturo  of  sheet-lea 
the  melted  mMal  is  allowed  to  run  over  a  marble  table  into  plates,! 
tint  »i»e  of  which  is  rcjiulnted  by  wooden  rulers,  and  which  ore  the 
piUHod  through  roUei-s. 

The  rolling-macliinc  i«  composed  of  two  cast-iron  cylinders,  thai 
lower  one  of  which  alone  m  turned  by  machinery,  while  the  upper  i 
one  is  carried  round  simply  by  adhesion,  the  pressure  it  exerts  an  i 
the  sheet  of  lead  being  regulated  by  a  counter  weight.      Retunt 
screws,  which  fasten  the  upper  boxes  of  the  two  cadgcons,  limit  thoJ 
elevations  of  the  cylinder,  and  rcculate  the  thickncKS  of  the  slicet^l 
and,  a-t  the  seruwi*  work  iudojicndt'ntiy  of  oaeh  other,  the  wdo  oa 
icbich  th«  plate  ia  least  rolled  may  be  tightened,  so  as  to  obtain  a 
g         uniform  tli!okne««.     On  each  side  of  the  cylinders  are  j 
tables  fumiahed  with  iron  rails,  which  receive  and  giude  I 
the  fhccts.  Five  or  six  sheets  are  rolled,  and  thou  passed  ] 
in  an  opposite  direction  between  the  cylinders,  their  mo- 
tion being  reversed;  which  is  repeated  until  the  sheets 
biu-e  acquired  the  retjui-tite  thickneMi. 

Leaden  pipe  Is  made  on  a  iron  mandrel  between  groovedj 
cyHnders,  after  having  been  nin  into  a  cast-iron  mould,  , 
.ifieif  (fig,  I'iMl,  in  the  axis  of  which  is  an  iron  masdri 
';;", '  I  r  tlio  proposed  diameter  of  the  leaden  pipe.  A  Ihic 
•^  k-iidi'u-tulie,  of  from  2.0  to  2.3  feet  in  length,  is  tliiii 
obtained,  aud  is  then  fastened  on  an  iron  mandrel  of' 


•  Coramonlj'  known  as  Pauiiuoit'*  proeut. —  W.  h.  f > 
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the  flame  diamotcr  aa  that  ef  of  tbe  raould,  uft43r  wlucli  the  -wbolo  is 
^WQ  ont  botwepD  cylinders  resembling  thoao  uaed  for  tho  druwing 
of  irou-vriro.  The  aides  of  the  pipe  ore  thus  reduced  in  thickneea 
Datil  it  Attains  tho  length  ri?<|uired.* 


MANlTACTUm:  Of  LEAD-SaOT. 


SI 
90.  Lead  alloviHl  with  0.3  lo  0.8  per  cent,  of  araenio  in  ffene- 
need  in  tho  tQanol'acturo  of  kad-tibot ;  the  additiOD  or  this 
qitimtity  of  ursciiic  giving  the  kad  the  property  of  forming 
[Illy  sphcriwil  elohulw.  A  shwt-iron  sieve  ia  used,  shaped  like 
a  ftphfrifal  cap,  ana  pierced  with  ho!c9  of  tho  size  of  tho  nhot  to  be 
made  Tho  dross  whieh  forms  on  the  fu^ed  load  U  first  pressed  into 
the  novcv  so  na  to  completely  line  it«  sides,  and  the  melted  idotal, 
being  then  poured  in  bysRinll  quantities  with  u  spuoti,  filters  ihronch 
the  drow  and  drops  from  the  perfuratiuns.  Tho  dro[>s,  which  should 
be  made  to  faJl  from  a  great  height,  in  order  to  become  solid  during 
their  dcecoDt,  arc  collected  iu  a  reservoir  of  iratcr;  a  greater  clevft* 
tioD  being  required  according  to  the  sise  of  the  shoi.  The  shot;, 
Iwiog  Mitcd  into  fliiefl  by  means  of  f>iercft,  is  poHstheil  by  eanfdng  it 
to  revolTe  in  wooden  barrets  with  a  smnll  quantity  of  plnmbago. 

'  Tb«  sew  nvtfaed  of  mnking  lekd-pipe  e«nd«U  of  %  powerful  pr«n,  which 

I  tli«  lokd  in  ■  hwktcd  mnil  «ofl  xtAls  ont  of  lui  opnninit  in  an  iniii  TcoerTnir, 

a  lolld  ud  short  mandrel  of  iron  in  Ite  centre  of  ili«  oppnlnv.  "flliaasma 

■t«r  aa  tht!  iutMlor  of  Uie  lut)«  to  I)«  madt.     Tlia  lend  in  uerfMtiji  liud  «b«n 

iMWif  ttvm  ilii;  (ipriiuiE.  and  prM«nl!i  a  tnliinj;  uf  a  fiao  KlaM  Idimju'I;  and 

estvriertTi    U7  Uiu  niMimiifl  abo  tnboa  of  an;  Uogth  ms;  bt  mBaoIMnml.-' 

J.C.B. 
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BISMUTH. 

Equivalent  =  213  (2662.5 ;  O  =  100). 

1991.  The  biemuth*  of  commerce  is  neTer  absolutely  pure; 
ap  tho  foreign  mc'tals  with  whk-b  it  is  alloyed  are  ponemlly  more 
writHr-ahlc  iban  itself,  it  may  be  pimtiEtl  by  heating  the  pnlveriied 
metnl  with  i^  of  its  weij^ht  of  nilri!  in  an  eartheu  crudble.     Tl 
tempcratiiro  phnuhl  be  ^^radnally  raided  until  the  nitrate  is  tU 
poued;  when  the  fomftn  mcula  oxidize  and  combine  will)  the 
tasBA.  OS  veil  as  a  portion  of  the  UHmuth,  tlic  rcmuintlcr  of  the  latt 
being  letl  an  a  buttou  at  the  bottom  of  the  crucible. 

In  order  to  obtain  bismuth  chomically  pure,  a  mixtiir*  of  sab 
nitrate  of  biKniulli  and  bbtck  &ux  taual  l>u  fused  iu  a  crucible. 

Bismuth  is  a  grayish-whito  mota),  having  at  tho  same  time  a  very 
decided  rcJdisli  Bhude,  wliicli  is  easily  seen  by  placing  a  piece  of^ 
bismuth  nlongsido  of  a  epccimon  of  a  white  metal,  fvch  as  sine,  <tnfl| 
tiinony,  etc.     Its  denaity  ie  P.O.     It  prosouta  a  cryslalllue  friLclurO 
with  large  plitterin^  Inniolltc,  hns  bnt  slight  malleability,  and  crj-g- 
tallizes  readily  by  fuaioii.     Beautifid  cryetula  muy  be  obtnined  bjiX 
fusing  ill  nn  earthen  capsule  some  kilogriinimes  of  bi^uiulL  uf  eoin^H 
mercc,  puriGed  by  fuaiun  with  nitre,  and  uliowiug  to  cool  vi-ry  slowly. 
To  eflect  this,  tno  eap#iulo  is  plitcod  on  a,  la.lh  of  heated  snnd,  and 
covered  with  a  sheet-iron  piute,  on  which  burning  charcoal  is  placed. 
In  a  short  time  a  hole  is  made  in  tho  aolid  crmt  which  forms  on  llio 
surface,  and  the  liquid  mctol  is  allowed  to  run  off.    The  crust  being 
carefully  removed,  a  geode  of  very  bL-uuliful  crvstals,  fre<itietitlv  oir| 
several  centimctre-8  in  diameter,  is  diaplayc'l.    Those  eryMnlji,  wnioh' 
are  cubes,  or  rather  pyramidal  figures  resembling  those  ofttea-ealt 
(498),  exhibit  very  elegant  irideBcpnt  eolonrpj  produced  by  the  very 
thin  pellicles  of  oxide  wiiicb  form  on  the  surface  of  the  metal  08  it ; 
brought,  whilo  hot,  in  contact  with  the  air.     The  pellicles  preset 
the  play  of  ihio  scales  or  Boap-buhbles. 

Binmutk  fuses  at  507.2° ;  and  a  tliermomcter  plunged  Int 
melted  bismuth  marks  thus  temperature  during  the  whole  period  o( 
itn  solidification.  Ijlke  water,  bismuth  expiindu  at  the  moment  of 
solidifying,  and  is  therefore  lighter  when  solid  than  when  liquid. 
It  is  volatile  at  a  vory  high  temperature,  but  ncvcrthrle»s  dimcult 
to  distil. 

Bi«mutli  remains  unchanged  in  a  dry  atmosphere,  but  when  oi 
posed  to  damp  air,  becomes  covered  with  a  very  thin  pellicle 


*  Bismiilh  wm  Imnvii  ti  llic  nnrifntfs,  who  atlna  «onruuuiIod  it  vitfa  lead  uul 
Uu.     Stall)  iLcd  Uufaj  first  jiToved  it  to  ba  n  pscullnr  mttsl. 
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osido  ahcT  eomo  time.  Heated  la  the  air,  U  boras  with  a  suull 
bluisli  flaue,  giviuz  off  jellow  FtLDies.  Biemuth  decoiDpoees  wat«r 
onlr  at  4  rcrr  hign  t«n)pcrAtarc,  and  eficcta  no  doootnpowtioD  of 
cola  wau-ir  in  th»  prcsenoe  of  poworful  ncide.  Concentnited  cliloro* 
bjdric  acid  act«  od  it  vitli  difficulty,  white  sulphuric  ftcid  attavks  it 
oiiljr  wheu  canoentratfid  and  hot,  with  (liaenga>;eineDt  of  sulphurous 

I  id.     Nitric  add  attacks  it  very  energetically,  and  dissolres  it 
ispletely. 
I 


COMTOtTNDS  OF  BI8MDTH  WITH  OXTOBN 


§  992.  Bismuth  forms  two  compounds  witli  oxygen : 

1.  An  oxido  BiO, ; 

2.  An  osidp  BiO^.  or  bitinintltic  acid. 

An  intormcdiatc  o]u<le  BiO.  is  known,  but  should  bo  regardiKlM 
conipouud  of  tbv  two  prcci-iltng,  and  iu  formula  skotiid  bo  writ- 


BiU„BiO,. 


^B  Oindc  cfBumuth  BiO,. 

^K  §  WZ.  The  oxide  of  biffinutb  BiO,,  ¥hicb  is  obtained  hj  roasting 

^^We  mcial  in  tlie  air,  or  better  still,  by  decomposing  tiie  ba^c  nitr&te 
of  binnath  by  heat,  prcnents  the  appearance  of  a  brigbt-yellov  pow- 
drr,  fusible  at  »  red-heat,  and  producing  on  aolidiRcatioD  a  deeper 
yellow  glasst,  wliieb  readily  perforates  earthen  crucibles.    The  oxide 

^HC  bismuth  b  fixed,  and  us  density  ia  S.4fl. 

^^r  The  oxide  can  be  obtained  hrdrnted  in  the  form  of  n  white  pow- 
der, by  decoiiipueing  the  bjisio  nitrate  by  an  alkali,  or  by  ammonia. 
On  boiling  the  lijdrato  in  a  solution  of  poussu,  it  ports  with  its 
waler.  and  ID  tionrerted  into  a  ycUoir  cryetallinv  powder,  wlitch  ia 

Ie  anhydrons  oxide. 
The  chemical  composition  of  the  oxide  ia, 


Bii!muth 89.87 

Oxygen 10.1.^ 

100.00 


Some  cbvinifitfi,  regarding  ttuB  oxide  as  formed  of  1  equiv.  of  the 
to«tjU  and  I  of  oxygen,  write  its  formulH  BiO,  nnd  adopt  for  the 
ilcnE    of  the  metal  the  number  71.  whici 


jporttoa : 


given   by 


10.18 :  89.8T : :  8 : 2,  whence  z=71. 


h^-poihesLi  is  contrary  to  all  analogy,  and  is  sustained 
iple  of  isomorphi&m,  we  shall  oasign  to  oxidu  of  bif>inuth 
formola  BiO,,  and  the  equiralent  of  the  metal  will  be  deduced 
the  proportion : 


10.13 :  8fl.87  ::2i:z,  whence  j=21S. 
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BISUCTE. 


Biamutkie  Acid  DiO,. 

S  JMH.  Bismuthic  add  IliO,  is  prepared  by  passing  s  current  of 
chlorine  Uirougli  a  (.'oncentrated  Hotutton  of  potoiiiia  in  which  very 
fuioly  diriiied  oxide  of  bismuth  is  tuFpcnded ;  or  by  heating  for  a 
long  timo  in  the  nir  a  mixture  of  potH»Ka  auil  oxide  of  tismuth ;  Ar 
'better  stitl,  by  calcjniiig  a  mixture  of  oxide  of  biwnuth,  caustic  po- 
tHRsa,  and  clilorate  of  potastia.  Binmutliic  acid  prepared  by  either 
of  these  prouesses  ia  always  mixed  vith  a  certain  quantity  of  oxide 
of  bUmuth,  which  may  be  aepumted  by  treuting  the  subatanee  irilh 
weak  nitric  acid,  which  cli(M;olve8  the  oxide  of  biamuth,  and,  when 
cold,  does  not  iifiect  tlie  bismuthic  neiil.  Bismuthic  acid  is  it  bright- 
red  powder,  which  readily  parla  with  a  portion  of  its  oxyyen  at  a 
tcmpeniture  olightly  above  212*^,  and  iu  then  converted  into  an  inter- 
mediate oxido  BiO,.  Concentrated  acids  also  decompose  it,  reducing 
it  to  the  state  of  oxide  BiOj,  which  combines  with  the  acid. 

Bihiiiittbic  acid  ea.u  combine  with  oxide  of  bismuth,  and  thus  pro- 
dace  saline  oxides ;  but  theso  compomida  have  not  yet  been  much 
studied.  TLey  are  obt:iini?d  by  healiny  in  the  air  a  mixture  of 
oxide  of  biBmoth  BiO,  and  caustic  potaesa,  or  by  passing  a  current 
of  cliloriue  through  a  Holntion  of  potaasa  nfaich  contains  oxide  of 
bisanuth  in  suspension.  When  these  reactions  arc  terminated,  big- 
uiuthic  acid  if  obtained,  while,  if  they  are  prematurely  arrested, 
brown  compounds  of  variable  proportions  result,  which  arc  combi- 
iittliouB  of  bismuthic  acid  BiO,  wiln  oxido  of  biainutb  BiO,. 


8ALT8  FORMED  BY  OXIDE  OF  BISMtTTn. 

S  905.  Oxide  of  bismuth  !s  a  feeble  bjue,  forming  with  acids  seve- 
ral crystallizablc  *alts,  which  water  dccf»m  poses  into  basic  salt*  vhich 
arc  precipitated,  and  into  very  ucid  suite  which  remain  in  the  solu- 
tion, n 

Nitrate  of  Bismuth.  ™ 

§  99(5.  The  nitrate,  which  is  the  most  important  of  the  gaits  of 
hismuth,  ia  obtained  by  dij^solvinR  bismuth  in  nitric  acid.  The 
liquid,  when  evaporated,  yields  large,  colourless,  and  deliquescent 
crVBtals,  of  the  formula  iiiO,.SNO  -|-8H().  It  dJHHolveii  without 
dccom position  in  a  nmall  (jnantity  of  water,  pnrticiitarlj  when  acidu* 
Intcd  with  a  few  drops  of  nitrie  acid,  but  is  decomposed  if  tbeqnaa* 
tity  of  water  is  greater,  a  whito  precipitate  of  a  baeic  nitrate  being 
formed,  which  is  known  by  the  name  of  pearl  pottider.  This  sub. 
etanco  ia  uacd  for  whitening  the  skin,  hut  is  llaMo  to  the  objection 
of  b«ing  blactcened  by  sulfliydric  acid.  Its  compoHition  variea  ac- 
cording to  the  quantity  of  water  uecd  in  the  precipitation,  the  tem- 
persiture,  and  duration  of  contact  of  the  basic  salt  with  the  water. 
Boiling  water  ultimately  removes  all  it«  acid,  and  leaves  only 
hydraled  oxide. 


filXABT  COHPOtrXDS. 
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Sulphate  of  Biamuih, 

5997.  Bjheatinj;  jwiwdcred  bismuth  with  concentrated  siJphimo 

iicid,  BiitpliuroiLs  acid  is  disengaged,  and  the  metal  is  couvort«d  into 

iwhitr,  inH«)lQble  pimiler  of  Rulphiitc  of  bisinuih  BiO,,-iSO,.     This 

|Ult  is  decompwcd  by  treatment  with  water  into  a  Tery  acid  sail 

>  which  rcmainH  iu  Kolution,  and  nn  insolnble  bi-basic  sulpbatc  BiO^ 

CarhontUe  of  Biwmnth 

%  998.  By  adding  carbonate  of  eodu  to  an  ncitl  eolutitm  of  nitrate 
rtf  binauih,  a  white  precipitate  of  a  basic  carbonaio  BiO^COf  ib 
Ptbtaioed,  vhicli  i&  easily  doetrojcfl  Bj  hcot,  ]ca>-iog  a  n-oidae  of 
l-uide. 

COMPODND  OF  DISMCTH  VITB  SCLPHUB. 

(  999.  Bismuth  combine*  directly  irith  Rulphur  -when  assisted  by 

eat.     To  effect  the  combinatioit,  it  is  iuffif:ient  to  Lent  together 

the  two  subsiances  in  the  state  of  fine  powder,  a  certain  quantity 

of  metallic  bismuth  always  remaining  mij[cd  or  dissolrea  in  the 

niphidc.     In  order  to  nbtain  the  latter  pure,  the  product  of  the 

fiiet  fasion  mnst  be  reduced  to  a  fine  powder,  niid  aguin  fusud  in  a 

tmctble  with  an  additional  quantity  ot't^nlphiir.    Tlie  tmtpliide  then 

Ippears  under  the  fomi  of  a  gray  b<ill,  po^^o^siiig  a  mctallio  lustre, 

ua  evincing  in  its  fracture  a  fibrous  texture.     The  formula  of  llio 

nipbide  'm  BiS,.     It  ha^  beua  found  crystallized  in  nature,  and 

iHioars  to  b«  isomorphous  with  the  sulpludo  of  autimony  to  which 

tnc  nme  formula  is  assigned. 

^^^  Sttlphid«  of  hiftmutb  may  be  obtained  by  the  Tiumid  way  in  the 

^Bnrm  of  a  black  powder,  by  paefing  a  current  of  sulf hydiia  acid 

^Vwough  a  solution  of  a  salt  of  bismuth. 

^Paent 

I  illriiL 


COMPUl'SDS  OP  BISMUTH  WITH  CHLOBLSE. 


1 1000.  Biamutfa  combines  directly  with  chlorine  with  dieengoge* 

It  of  boat,  and  even  of  light,  when  tho  metal  is  very  finely 

diridcd.     If  a  current  of  cblon:ie  be  1l-<1  over  binmutii  heated  ia  a 

nbulaled  retort,  the  chloride  distils  over  and  condenses  in  the  form 

a  readily  fusible  wlutc  substance.      The  tame  substance  is  ob< 

by  lUstilling  in  a  small  retort  a  mixture  of  1  pare  of  metallic 

aatb  and  2  parta  of  bichloride  of  mercury.    Chloride  of  bismuth 

ipdly  attracts  the  moisture  of  the  air,  and  ia  conTert«d  into  n 

allisablo  hydrated  chloride;  wluch  may  also  be  obtained  by 

Iring   mctiitlic  bismuth    in   at\\\a   rcgin.  and   evaporating  tho 

id.      Chloride  of  hismuth   BiC'l,  dissolves   without   i-hauge   in 

Iter  acidnloted  with  chlorohydric  acid,  but  is  dccompnsrd  by  fresh 

H«r;   when  a  portion  of  tlif  chloride  dissolves  by  means  of  the 

hlorohydric  acid  which  is  sot  free,  while  a  white  precipitato  of 

'"ttxychlonde  of  bismuth  BiCl,+2(BiO,+3HO)  remuaiu. 


SOS 


BisurrB. 


On  pouring  an  acid  soluUoa  of  nitrate  of  biHinutli  into  a  Holution 
of  sea-ealt,  n.  white  precipitate  of  very  fine  crytrtaUino  opftOj^let  is 
formiHl,  wbiclt  w  iiii  oxycMoride  of  bismuth  of  lit-  forniida  IIiC'l,+ 
2(UiO,  +  'iI10).  This  substance  i»  used  fwr  whitening  the  skin,  and 
is  called  pearl-whit-e, 

ALLOYS  OF  BISMrTB. 

§  1000  /'!>.  By  ftllojinff  bismnib  with  load  and  tin,  very  fusible 
alloys  arc  obt«iu«d,  wbicEi  are  u^ed  for  tukitig  imprcssionit,  nuUcinr 
•Mnonrpa-platoe,  elc.  The  allny  composed  of  1  pari  of  lead,  1 
part  of  tin,  and  2  ef  lismuth  fttiies  at  20i)",  trbile  that  coutniniu^j^B 
of  lead,  S  of  tin,  and  H  of  bismnth  fuses  at  about  3UH.4°.  B3M 
diminiahing  tbc  proportion  of  bismuth,  the  fnetin^  point  of  the  alloye 
obtained  varies  between  212°  and  392",  and  these  Bubstances  bate 
been  used  ns  vrasliors  for  the  safety-valros  of  llie  boilers  of  high- 
presAiiro  ^teain-cn^ncs.  Their  compoitition  vap  Fucb  aa  to  fuse  at 
a  point  slightly  above  the  tetnp(>i-atiire  correHpondinf;  to  the  tnnxi- 
ninm  of  ttnsien  which  the  steam  shonld  not  exceed.  When  the 
Hafety-valves  were  out  of  ordnr  nr  overloiuled,  und  the  nlastie  force 
of  the  steam  snrpiwsed  the  muximum.  the  waflhers,  by  beginning  to 
fuse,  allowed  the  sttiani  tu  escape.  Tliis  means  of  safety  was 
found  to  bo  oselefts,  as  the  alloy,  being  kept  for  a  long  time 
temperature  approaching  its  melting  point,  underwent  a  kind 
eliqufttioQ — a  more  fusible  alloy  separated  from  it,  and  thut  wUi< 
remained  was  much  lens  fusible  than  the  original  alloy.  For  this 
reason  the  use  of  fusible  vashcrs  has  been  abandoned. 

mSTLSCTIVE  CHAKACTERS  OF  TUK  SOLUBLE  COMPOUNDS  OF  DISMUTI 

§1001.  Wo  bavf  seen  that  all  tba  eompounda  of  Hsmutl,  beinj_ 
Boluhle  in  a  very  small  quantity  of  water,  arc  dceompoeed  irlien 
treated  with  a  larger  quantity,  and  yiuld  white  jirecipilateB  of  baiiic 
salts:  therefore,  one  of  the  diBtinctivc  charncters  of  eolulioos  of 
bismuth  \h  to  become  cloudy  when  diluted  with  &  large  quantitj^ 
of  Tfttcr. 

The  caustic  alkalies  and  alkaline  carbonates  throw  down  whit 
precipitates,  insohiblo  in  an  excess  of  tht-  reagent. 

BiUfhydric  acid  und  tbc  Bulfhydratc;*  afford  black  precipitat 
which  do  iiol  rcdisaolvo  in  an  eswss  of  sulfhydraip. 

Iron,  Eiiic,  and  copper  prceipilate  bismuth  in  the  form  of  »  black 
powder,  which  fiiaefl  readilv  on  eliai-eoal  in  iho  reducing  Uatue  of, 
the  blowpipe  into  a  mctalltc  globule,  which  becomes  venp-  brittl 
after  cooling,  and  yields  a  powder  of  a  cbunicteristic  roso'culour. 

BETEttMlSATIOX  OF  mSMCTH;  AND  ITS  SEPAll.lTlOK  FBOM  THE 
NETATJt  PltEVIODSLT  STCDIEO. 


to 


§  1002.   Sul<Eta»ce«  cvutuining  bismuth  which  arc  to  be  sabjocted 
chemical  uualyititt  are  always  diusolved  in  nitric  acid,  a 


METALLCaaS   OF  BISMCTH. 


aoe 


Uitlog  liquid  is  prcdpitated  by  nn  excess  of  c!nrbona.t«  of  ammonU. 
Tke  precipitate  is  ira&beit  on  the  filter,  »nA  then  calcineil  in  a  Eonsll 

SircaluD  capflulo,  in  which  it  remnin.4  in  the  BUt«  of  the  oxide 
iO,.  The  cslciumtion  »honld  not  be  mode  in  a  platioDin  crucible, 
Iwcaase  this  tnetaJ  in  easily  attaclcpil  by  oxide  of  bisto&th,  MpecinJly 
vliai  ft  BOuU  qoantity  of  metallic  hisiuutb  can  he  produced  by  a 
ndnctng  action.  The  filter  iihouI<{  be  calcined  sepirktely,  itx  whp» 
nsiBUed  witli  a  few  drops  of  nitric  acid,  and  then  recalclned  to 
MGompose  the  nitrate  of  bi«mutti  which  is  fomiml. 

It  ifl  ofteo  necemary  to  precipitate  bidmuth  in  the  Btace  of  sul- 
pUJe  by  mciLnn  of  sulfbydric  acid,  as,  for  examplo,  when  the  metal 
in  a  Uijuid  with  other  metals  which  urn  pr«cipitiited  by  Iho 
or  alkaline  carbunutea,  hut  not  by  eulf  hydric  acid.  It  is 
I  precipitated  as  nulphidc  when  lb«  liquid  euutaiu^  chlorohydric 
because  the  prccipitut(?  formed  by  the  alkaline  carboiititw 
1  in  this  case  coutain  chloride  of  bumulh,  which  is  difficult  to 
ipow  by  oa  excess  of  alkaline  carbonate.  The  biiimiittt  boiug 
IB  llie  state  of  sulphide  is  collected  on  a  filter,  disjaolved  in  nitric 
aeid,  and  then  r*pr«cipitat«d  by  an  excess  of  carbonate  of  ammonia. 
[  Laxtly,  bismuth  i»  sometimes  preciiiilated  in  the  metallic  stAte  by 
Iblidft  of  iron  or  zinc,  and  the  metallic  powder,  being  collected  on 
tiillcr,  is  calcined  in  a  porcelain  capsule;  after  vliich  a  fbw  drops 
'  nitric  acid  are  added,  it  is  rccnicined,  and  the  bismmb  deter 

in  the  state  of  oxide. 

Ksmnth  is  easily  separated  by  eiilfbydric  acid  passed  through  an 

'Itiqnid,  from  all  the  motula  nv  have  hitherto  aludicd,  witn  the 

[lUcptioa  of  cadmium,  tin,  and  load.     It  is  separated  from  tin  by 

ting  tho  sulphides,  imnii;{liulely  after  their  being  precipltflitea, 

iih  ft  solution  of  sulfliydrate  of  ammonia,  which  dissolres  only 

>nt^ilud«  of  tin.     In  order  to  separate  bismuth  front  lead,  both 

'  k  UW  dissolved  in  nitric  acid,  and  evaporated  with  an  excetts 

"baric  acid  until  tho  vapours  of  the  acid  begin  la  paaa  over, 

Ihich  they  are  treated  with  water,  which  dissolves  only  the 

■to  of  biFmath  by  means  of  the  excess  of  acid.     This  process 

not  effect  a  very  accurate  separation.     No  method  of  Bcpa- 

ibkisuth  from  cadmium  is  yet  known.* 

MET-^UUBOr  OF  BISMUTH. 

ilOOS.  Bismuth  has  hitherto  been  found  only  in  a  Hmatl  number 
"minerals,  the  only  one  of  which  sufficiently  abundant  and  rich  to 
**  >ted  as  an  ore  is  native  bismuth,  which  constitutes  metallic  veins 

*ip«rf«ct  BtpuatloB  orUsmatli  from  ciulgnlum  la  ttltcttd  bj  adding  a  sola* 
""tl  efulda  of  poUBniim  ti>  the  solitlina  nf  Lite  two  nxidH,  by  wbicU  the  bli- 
""bpnapitklcil,  *liilo  (Im:  cBUmium  reniuiis  in  Bolulion  »■  a  double  cyaoidt 
'^wflailiii  m4  potAMium. 

Wtk«r  aMlk*d  night  be  hatV'<i  an  Ihs  (.^luLiliCj  «f  »xidt  af  c*dmlum  la  ma- 
•nit,  in  wUah  loida  «r  biimatlg  b  insolnbla, —  W.  L.  /*. 
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Pi 


in  th«  quartzose  rocks  of  ibe  old  formations.  All  tli«  biainulh  used 
in  the  arts  comes  from  8a3iony,  and  is  cxtrnctcd  by  \  very  simple 
process:  tlie  ore  bciog  lieateil  in  close  resseb,  the  bismuth  fusi-ji, 
sopanites  from  the  ganguc,  and  falls  to  the  bottom  of  the  vessel. 

The  fusion  ia  effected  in 
ithcot-iron  or  cast-iron  tabes 
hd  (fig.  5o5t,  arranged  in  a 
fornace,  and  inclining  down- 
■ffsr(].  The  ore  being  intro- 
duced through  the  opening 
<f,  the  latter  ia  olo6«d!,  vhilfi 
,  the  oth'er  end  h  is  closed  by 
n  pktc  having  a  hole  o, 
ifiroHgh  which  the  metal 
eacapcfl.  It  ig  reeeiTed  in 
earthen  cops  a,  a,  heated  hy 
charcoal  placed  in  the  space  K  beneath,  in  order  to  keep  the  metu 
fluid.     It  is  then  scooped  oat  and  run  into  moulds. 

The  metal  thun  obtained,  which  aliniyE  contains,  bosidea  mctallidJ 
sulpbidcs  and  ar^eniuretd,  Rome  foreign  metals,  is  poiified  by  foffiOttj 
witi  iS  of  its  weight  of  saltpetre. 


'*> 


€ 
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ANTIMONY. 
Equivalent  =  120  (1C12.& ;  0  =  100). 

11004.  Tbe  antimony*  of  commerce,  which  u  rarely  pure,  con- 
taiaing  most  frefiiipntly  a  smnll  adtnixtiirc  of  iron,  lead,  arg«iiic,  &nd 
sulphur,  is  parifie<l  in  the  laborntory  hy  mixing  it  intiaiatvly  with 
,)e  of  its  weight  of  nitre,  and  fusing  the  mixture  in  an  CArthcn  era- 
cible;  when  the  antimony  appears  in  the  form  of  a  metallic  button, 
composed  of  rery  small  crystalline  Umellie.  The  fineness  of  the 
grain  of  antimony  U  an  inaex  of  ita  purity. 

Ajittmony  iit  a  metal  of  a  »lij;)itly  bluii^h,  very  brilliant,  eilvofy 
white  colour.  It  fuises  at  842°,  and  at  a  white-heat  givea  off  api)ro- 
ciahle  vapours,  at  which  temperature  it  may  be  distilled  id  a  cnrrent 
of  hydrogen  ^faa ;  but  the  tension  of  its  vapour  being  still  rery  feeble, 
the  difitillntion  i^  slow.  Antimony  crysLallixcs  readily  from  foaionf 
and  its  fracture  presents  very  hrilUsTit  eurfaces  of  clcarage,  the 
disposition  of  which  leads  to  the  rhomtiohodron,  and  whicli  are  fre> 
qneDtly  of  great  exu?nl.  The  lendouey  of  the  metal  to  crystallize 
may  be  well  seen  in  thi^  ciikca  »f  comtncrciat  antimony,  their  uppci 
lacncee  often  exhihititig  a  beautiful  star,  theraysof  wliicb  resemble 
the  fern-ieaf.  It  ia  a  very  brittle  metal  and  easily  reduced  to  pow- 
der in  a  mortar. 

Antimony  dooe  not  sensibly  alter  in  the  air  at  the  ordinary  tem- 
penUmv,  while  it  readily  nxidizes  whein  kept  in  a  fused  state  in 
contact  with  the  air.  Heated  to  a  high  tompcrature,  it  burns  with 
a  white  flame  and  gives  off  copious  fumes.  If  tli«  fused  metal, 
heated  to  redness,  he  thrown  from  a  cert&in  height  on  the  floor,  a 
very  brilliant  plicnomcnon  of  combustion  is  observed,  accompatiicd 
by  thick  white  fumes. 

Finely  powdered  antimony  disaolvcfl  in  boiling  concentrated  die- 
rohydric  acid,  with  disengugemoiit  of  hydrogen  gag,  but  does  not 
decompose  water  in  the  presence  of  Dulphuno  acid,  which  will  not 
oxidise  it  exc«pt  whcii  coneontratcd  and  hot,  when  sulphurous  acid 
is  disengaged.  Nitric  acid,  even  when  dilute,  readily  attacks  it, 
converting  the  metal  into  an  insoluble  white  precipitate.  Aqua 
regia  traturfbrms  antiniouy  into  a  chloride  which  dissolves  without 
chai^  in  an  excess  of  chlorohydric  acid. 

COMPOUNDS  OF  ANTIMOST  WITH  OXTGKS. 
1 1005.  Two  wcII-dcfined  compouuds  of  antimony  with  oxjgKk.  ^ 
(known,  the  <iuantitie^  of  oxygen  contained  in  which  are  as  3  to  5. 


AltkoH^  Ui«  mm  of  aatlmoDj  wtrs^  Itnown  to  tba  anclsnls,  Staii  Valealiaa 
I  tht  tnl  who  naiJa  mcutigD  vf  m-slwUiQ  antimooj. 
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AXTIMOI^Y. 


The  moat  oxygenated  compound,  of  whicb  the  formolft  i«  SbO,,  and 
which  pUyg  tlic  part  of  nn  ncid,  is  antimonic  acid  ;  wliile  that  con- 
taioing  the  U'usC  umount  of  oxvccn,  and  is  expressed  by  the  formula 
BbOa  wrt*  OS  a  feeble  base.  Wc  shall  call  it  tesquioxide  of  antu 
moTiff,  or  sim\i\y  oride  of  antt'monif. 

A  third  osidc  SbO^,  which  by  some  chpmista  is  r«ganled  as  iin 
oxid«  per  «c,  and  called  hntimonious  acid,  ehonhl  rather  he  consi- 
dered M  an  aiitimoniate  of  oxide  of  anliinony,  SbO,.ShOj. 

Oxide  of  Antimony  SbO,. 

§  1006.  Oxide  of  nntiinonv  is  formed  ■when  antimony  is  heated  in 
an  imperfectly  cloBed  crucibk',  wh«!n  Hmall  elongated  and  very  bril- 
Ilnat  primniitic  crj-Ktals,  which  hiivu  been  culled  argentine  fioviera 
of  antimont/.  are  dc|iosili'd  on  Iho  sides  of  llie  crucible  at  n  liltl« 
difltanco  iihovi>  the  fuisfd  metal.  But  as  it  is  difHcuU  tu  prevent  the 
oxide  prepared  iii  this  way  from  contaimiig  eome  autimoiiiate  of 
oxide  of  ojitimuny,  a  better  method  of  ubtaioin^  the  oxide  in  u  etatc 
of  parity  cousista  in  pouring,  by  small  quatititics  at  a  lime,  a  solu- 
tion of  chloride  of  antimony  SbCI,  into  n  boiling  solntion  of  carbo- 
Date  of  soda  ;  when  the  oxide  of  antimony  ecpaxutes  in  the  form  of 
small  cryntaU. 

Oxide  of  niitimony,  tho  colour  of  which  i»  a  grayish  white,  faata 
lit  a  red-heat,  and  Rtiblimen  at  a  higher  temperntore.  It  readily 
absorbs  oxygen  when  heated  in  the  air,  and  i»  converted  iitto  aaU- 
moniate  of  oxide  nf  antimony,  while  it  is  indecomposable  by  heal 
alone,  but  is  easily  reduced  by  hydrogen  or  by  charcoal. 

The  oxide  of  antimony,  precipitated  when  cold  from  (he  eolutiou 
of  the  chloride  by  curbi>uale  uf  Hodu,  which  ts  li\dratcd,  and  haa 
the  formiilft  SbOj+irO,  dissolves  readily  in  alkaline  liquids,  fonn- 
ing  ti'nc  salts  in  which  it  acts  the  part  of  on  acid. 

Oxide  of  antimony  contaios  : 

Antimony £4.S1 

Oxygen 15.69 

100.00 

It«  formnlai  is  written  SbO, ;  and  consequently  the  equiTalent  of 
antimony  is  obtained  from  the  proportion : 

15.68  :  84.82 : :  24  :  i,  whence  1-129. 
Antimonic  Acid  SbO^. 

§  1007.  Antimonic  acid  Is  obtained  by  attacking  antimony  by 
nitric  acid,  or  better  Htill,  by  aqna  regia  contiiintog  an  exccst*  of 
nitric  acidj  when  an  iuaolublo  ■white  powder  of  bydrated  anliinonic 
acid  ia  formed,  which  lose«  its  water  at  a  BJightly  elevated  letn- 
poratare,  and  is  converted  into  anhydrous  antituoiiie  ueid.  Tho 
nydratod  acid  ie  also  obtained  by  decomposing  the  pcrehloridu  of 
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autttnony  SbCl,  by  wmt«r;  but  Ihe  hydmtes  obtainoil  br  thpso  two 
procMBW  mn  fu*  tnm  being  idcinticnl.  Tlieir  cnpabilities  of  sAtn* 
rstioa  with  bases  being  differont,  tliey  Ju  tliis  r(!»|>ect  exhibit  a  ph«- 
nomcnou  uiulc^os  tu  that  obmnrorl  inEtitnnic  acid,  and  irhich  ima 
trsated  of  (§471)  et  u^.)  ttiwu  uptyakin^  of  phosphoric  aoid,  whiob 
prMcnts  the  sunc  feature.  The  pro>itt<:t  obtained  by  attacking  an* 
tUDOBy  bj  nitric  aciil,  and  to  vrbich  ibv  a&mti  u(  antimonii}  octi^has 
b««i  preserved,  only  BaHinitcs  1  equivalent  of  a  base,  prodwang 
neutral  salts  of  the  general  formula  RO,SbO, ;  while  the  proctpi- 
tato  obtained  by  dceompo«ing  pcrchloride  of  anlimoDy  by  iratar 
satoratea  2  equiv.  of  a  ba«e,  aad  forms  neutral  ealts  uf  the  formula 
2  KO,SbOj,     It  has  been  called  metatitim4mie  aeid. 

AAbydrom  antitoonic  acid  is  a  powder  of  a  yellowish-white  co- 
lour, which  15  decomposed  by  a  red-heat,  producing  nntimoniato  of 
oxide  of  antimony  SbO^SbO,. 

The  ntutral  antimoniate  of  po(at*a  i-s  pre|mn;d  by  heating  in  an 
eaitben  cracibic  1  part  of  metallic  antimony  and  4  parte  of  nitrat« 
of  potaaiu,  and  treating  the  powdered  muss  with  a  iimall  quantity 
of  tepid  water,  which  difisolveu  the  polassft  in  excess  aud  the  unde- 
composed  nitrite  of  potusm.  The  residue  is  then  builcd  with  water 
for  sereral  hours,  by  wliii^h  tbo  unhydrotas  aulimoniate  of  potaaaa^ 
wbicb  vf  iii^lubK%  ie  cotivcrtud  intu  u  notubk  hjrdratcd  luttimooiato. 
Ao  iiiK'>lHbli<  rcMduo  remains,  wliieh  is  ihohi-antimonial*  of  polmta 
KUi^!?bOf ;  anil  the  ii(]uid  leaves  after  evaporation  u  gummy  mnaa 
which  prvAents  no  appL*urauce  of  crystalliKaliou,  and  the  furinula  of 
which,  when  desiccated  in  dry  air,  is  KU,SbOj+51JO.  Thi»  neu- 
tral aiiiimuiiiate  KO,SbO.-l-5HO  ia  converted  into  a  crystalline 
powder  of  bi-antimordatc  KO,2SbO,  by  poasing  a  current  of  car- 
bonic acid  through  its  solution. 

By  heating  in  a  miter  crucible  antimonic  iicid  or  neutral  antimo- 
niato  of  potasaa  with  a  large  excess  of  pot&ssa,  a  fused  mass  which 
completely  dtseotves  in  a  small  quantity  of  cold  water  is  obtoiuod ; 
and  the  eolutioa,  when  evaporated  in  vacuo,  deposits  small  oryetab 
of  metaMimoniaU  of  poiafm  2KO,SbOj.  ThLi  «alt  diaMtlveSf 
without  apparent  decomposition,  in  a  small  quantity  of  cold  water 
to  which  a  certain  qnnntity  of  cau.stic  potaAsa  has  been  added,  wliilo 
it  ift  decomposed  bv  pure  water  into  potasaa  and  ^eid  metaantimo- 
niate  of  potatta  kCSbO^+TUO,  which  is  but  slightly  soluble  in 
cold  water.  Water  dissolves  it  more  freely  at  a  temperatore  of 
10^°^  or  120°,  while  a  prolonged  contact  with  cold  water  transforms 
it  into  neutral  antimoniate  of  »ola«sa;  which  transformation  is 
rapidly  effected  by  boiUng  the  liquid.  The  nolution  of  the  add 
metautimoniatu  of  potasiui  po^esscs  the  property  of  precipitating 
the  salts  of  »o<ls,  and  yielding  an  acid  mctantimoiiiate  of  soda, 
which  is  almost  insoluhU  in  water.  It  is  the  only  reagent  aa  ye6 
known  which  precipitates  eoda  from  its  solutions;  but  ituneces'  ~^ 
to  use  freshly  prepared  acid  metantimoniate  of  potiMsa,  as  the 
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IB  afW  some  time  converted  into  the  common  antimoniatc,  which 
>  <don  not  precipitate  tlie  oaltg  of  soda. 

A7UmoniaUcf  Oxide cf  Antifnony  SbOj^SbO,. 

§  1008.  "Qy  heating  aQtimonic  acM  until  oxygen  is  no  lonj 
given  off,  a  wbite  powder,  of  which  tho  composition  is  SbO„  but 
irlucb  should  be  written  SbO^.ShO^,  remains.  This  product,  which 
'  Sb  B0in«timc8  called  aniemonwifl  aeid,  is  also  formed  when  antimony 
J8  roosted  iu  the  open  air.  A  solution  of  tartaric  acid  or  bi-tarlruic 
of  potowta  «li8tract«  its  oxide  of  antimoiiT,  leaving  the  antimonic 
ftciu,  while  a  solution  of  caustic  potassa  dieeolvee,  on  the  contrary, 
the  antimonic  acid,  and  leaveH  the  oxide  of  antimony;  which  reac- 
tiona  render  the  exiBtence  of  both  oxide  of  antimony  and  antimonic 
acid  in  thin  body  very  probable.  Antimoniatc  of  oxide  of  nnttmony 
is  iitfudible. 

BALTS  FORMED  UY  gXlDH  OP  AMIUONT. 

S 1009.  Onde  of  antimony  SbOj  is  a  feeble  baw,  which  nevcirtho. 
less  fonnii  several  eialtfi  with  acidfi. 

A  nitrate  of  antimony  ia  obtained  by  treating  cold  antimony  with 
fiiminfr  nitric  aciJ,  in  the  Bhape  of  cryatalUne  spangles  of  the  for- 
mula ;!SbOj,N(>j.  The  salt  ia  dccwmpoHcd  by  water,  and  trans- 
formed into  hydrated  oxtde  of  untimouy. 

Sc\-cra.l  eompoHndfl  of  oxide  of  antimony  with  salphortc  acid  are 
known,  and  present  the  following  composition: 

SbO»4SO.-|-HO 
SbO„2S0, 
SbO„  SO, 
2SbO„  SO.. 

Wc  do  not  6nd  among  thcso  iialt«  the  compound  SbO>,3S0(, 
lAiAp  Aoald  he  regarded  aa  the  neutral  sulphate  of  antimony,  from 
the  fbnaula  SbOj  which  wo  hare  adopted  to  rcprosent  oxide  of 
antimony. 

The  oxvcbloridc  of  antimony  SbCI„2SbO,+HO,  the  prepara- 
tion of  which  will  be  explained  lieroftfler,  is  converted  into  the 
sulphate  SbO„4SO,-i-HO  when  it  is  treated  with  concentrated 
sulphuric  acid,  while  th*  sulphate  SliO„2SO,  is  obtained  by  ti'eat- 
ing  oxide  of  antimony  with  fuming  oil  of  vitriol,  (Nordhausen  KuU 
phuric  acid.)  I^avtly,  thu  aulphato  SbO„4SO,+  HO  ie  decompowd 
by  treatment  with  hot  water,  leaving  a  rcBidua  of  the  formula 
2Sba»S0.. 

COMPOUND  OF  ANTIIION?  WITH  UYDROQEN. 

§1010.  Antimony  forms  a  gajwons  compouud  with  hydrogen, 
which  resembles  in  its  composition  that  of  araeniurctted  hydrogen 
and  pho»phurcttcd  hydrogen  gaa,  but  which  hitherto  has  not  w«n 
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obtainod  in  a  sUto  of  purity.  By  introdocing  a  solution  of  proto- 
chloride  of  aQUmoo^  iuto  a  bottle  in  whicli  hjnIrog«n  ts  being  di»- 
engaged  by  tbc  roaction  of  dilal«  eulphuric  acid  on  einc,  the  hy(bi>- 
gon  aJwaye  cootaiDS  a  certain  quantity  of  antimoniurcttcdhyfirogcn 
gas,  viiivh  18  easily  recognised  un  igniting  the  gns,  wlion  it  barns 
with  a  ycllowijtli  Home;  vmch  citdvca  wbltv  futnt-s,  anfl  nhirh,  on 
being  allowed  to  play  on  a  eoM  porcelain  cajMule,  yieldi)  glittering 
epobs  of  mcUillic  aittiiDony.  If  the  gas  be  passed  turongb  a  hcatcJ 
tube,  a  brilliant  riug  of  uietalUc  anttmuny  forms  ou  tbe  sides  of  tbe 
tab^,  ia  front  of  tbe  beatcd  portion. 

OOMPOCSDS  OF  ANTIMONY  WITH  8ULPHUH. 

fi  1011.  Two  combinations  of  antimony  with  sulphur  are  known; 
and  while  the  formula  <•(  the  first,  which  wo  shall  call  tulphide  cf  an- 
tuMony,  is  BbS,  corresponding  to  the  oxide  SbO„  the  second  cor- 
responds to  antimonio  acid,  and  its  formaU  being  SbS^  wo  shall 
calE  it  aulfanlimoTiit:  aei'd. 

Solphido  of  antimony  \3  found  in  nature,  and  is  the  only  ore  of 
■ntimony.  It  always  occui-s  crystallized,  but  the  prisnistic  crys- 
tals are  so  dovetailed  into  ench  other,  tbut  it  ia  often  difficult  to 
MOertain  tlieir  form.  It  is  sometimes  found  in  bolated  crystal?, 
which  are  prisma  bclohging  to  the  fourth  Bystem.  Sulphide  of  anti- 
mony, which  is  of  a  deep  gray  colonr,  and  a  very  decided  metallio 
loftre,  ftnos  below  a  r«>]-heat,  and  roodily  crystallises  on  cooling 
from  u  white-bent.  It  exhales  cupiuus  fuiiu-.s  mid  may  be  distilled 
in  a  current  of  niti^gon  guK.  Its  donsily  is  4.G'2.  The  sulphide  is 
formed  by  the  dimi;!  combination  of  antimony  with  sulphur,  by 
severat  successive  fu»ioDs,  when  a.  nui-oi-  sulphtiie  than  that  occur- 
ring io  Datnre  is  oblaiucJ,  which  always  contains  a  buibU  quantity 
of  other  metaiiic  sulphides. 

Salpbide  of  antimony  is  easily  rooBtod  in  the  air,  daring  which 
operation  no  sulphate  is  formed,  but  onir  oxide  of  uutimony,  which 
MbIums  with  tlic  nndeeompnsod  stilphiop,  espeeiiiHy  tinder  the  in- 
6naioe  of  an  elevated  tempcmture.  Fuitiblc  oxysulphidrs  are  thus 
formed,  which,  after  cooling,  yield  brovr n  vitreous  eulistniices,  called 
in  commerce  jT^fU*  of  antimony,  liver  of  antimony,  OTcrocue,  accord- 
ioff  to  the  proportions  of  the  substances  entering  into  their  compo- 
Bition.  Glass  of  antimony,  which  contuins  about  8  parte  of  oxide 
and  1  of  sidphide,  is  transparent  iind  nf  a  reddish-yellow  colour, 
while  crocus,  which  contains  8  parts  of  oxide  and  2  of  sulphide,  t3 
opake  and  reddish  yellow.  Liver  of  antimony  is  opake  and  of  n 
deep  brown  colour,  and  contains  nearly  4  parts  of  sulphide  for  6 
of  oxide. 

Hydrogen  dceompottes  inlpliide  of  antimony  at  a  rcd-bcat  with 
disengagement  of  sulfbydric  acid,  while  the  antimony  remains  in 
the  mebulic  state;  but  it  is  difficult  to  prevent  a  small  quantity  »f 
audacity  from  being  disaigsged  in  toe  state  of  antimoniurettcd 
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l^jdrnVD  g&e>  Charcoal  alio  decomposes  sulphide  of  antimonr 
at  a  high  temiieratnre,  while  nulphiila  of  c«rhon  is  tUsL-ngufii^d, 
and  tho  aotimouj  remains  in  tho  tnctfiUic  Btnte.  It  is,  however, 
difficult  b^  thene  methods  to  ohtaio  antimonj^  entirel^r  (tee  from 
solpbur. 

Iron,  zinc,  und  copper  decompose  sulphide  of  niitimoD}'  at  u  red- 
heat ;  but  the  raetallie  antimony  thus  obtained  alwajs  contains  a 
certain  i[uanttty  of  tiipsc  mel'iib.  Concentrated  chlorohydric  acij  ■ 
readily  dii^clvds  Hulpliidu  of  untituony  with  discngaj^emoiit  of  sulf- 
hydric  acid,  which  rractian  m  sometimrs  applied  in  the  lubornlifiry 
to  tho  propuFHtiun  of  sulf  liydrlu  acid  (§  149).  Bciliiij;  coiiucnlratoi] 
snlphurin  acid  attackx  Bulpoido  of  Dntimony  and  cvolroti  eulphurous  i 
add.  Nitric  acid  converts  it  iuto  an  insoluble  oxJdc  of  aQUmODy  j 
ajid  ^ulphui-ic  acid. 

Tiic  ulkjilius  mid  alkaline  carbonates  decompose  sulphide  of  aotU 
mony  both  in  the  drv-  und  humid  tray,  aulphi^  of  anliinoDy  and  ft 
compound  of  oxide  of  untiinony  with  potassa  beinfi;  formed.     Whea 
the  sulphide  of  antimony  is  in  excess,  there  ia  formed  in  addition  a  { 
compound  uf  sulphide  of  antimony  with  tnonosulphidc  of  potassium,  | 
in  which  combination  the  sulphide  of  antimony  acts  the  port  of  an] 
acid.     If  the  due  om  posit  ion  bo  effected  in  a  braaqued  cmcihle, 
ji'tion  of  tho  antimony  Koparate:;  in  the  metallic  stiite. 

The  sulphide  of  antimony  SbS,  miiy  ho  pre^parcd  in  the  hnm^d] 

J,  by  piiSHiuij  a  current  of  Bulfhydric  acid  jjae  through  a  &ulutiua| 
of  chloride  of  antimony  ShC'l,  in  wattr  charged  with  chlonthydri< 
acid,  when  an  uranpe-coloured  precipitato  of  hydrated  aulphide  ifij 
formed,  which  dissolrca  readily  in  the  alkaline  pulphurcts,  when  it 
plays  the  part  of  an  acid.     Acidit  preripitato  anew  the  hydratetl 
euiphidc  from  Holntiona  of  the  fliilploealta.     Heat  easily  driveA  off 
tlie  water  from  the  hydrated  fnlphide,  which  then  is  conTern»d  iuta-j 
a  gray  anliydrous  aulphidc. 

In  medicine  the  hydrated  Kulphido  is  used  either  mixed  or  com- 
fcined  with  oxide  of  antimony,  and  often  with  sulfantimonic  acidi 
SliS^,  and  is  known  by  the  name  of  kerma  mineral,  golden  mZ-j 
phide  cf  antimony,  etc. 

Kermca  i»  prepared  either  In  the  dry  or  humid  way. 

Ill  the  furnirr  catte,  a  mixture  of  .'J  parts  of  native  sulphide  of  an- 
timony and  'A  parls  of  dried  nirbonate  of  soda  in  fared  in  ai 
«urtheu  uruciblo,  and  the  fused  Bubatanoe,  after  heinj;  reduced 
powder,  IB  boiled  with  a  large  quantity  of  water.  The  hot  liquid  i| 
rapidly  Cltered.  taking  care  that  it  does  not  cool  in  the  filter ;  whei 
tho  liq^uid,  which  id  nearly  colourleae,  or  but  slifilitly  yellow,  deposit 
OH  cooluijt  a  copious  brown  flalcy  precipitate,  which  is  the  kermefl.^ 
It  should  b«  quickly  washed,  dried  at  a  low  temperature,  and  keptj 
in  well-»l«ppeK'd  bottles. 

It  is  obtained  in  the  humid  way  by  boiling  1  part  of  native  si 
phidc  of  antimony,  finely  powdered,  with  20  or  25  part9  of  dried' 
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carlxHiatc  o(  soda,  and  250  p»Hit  of  water;  the  liquid,  which  is 
aUaoet  eolourleag,  dopoBiling  tins  kcrmoa  on  cooling. 

By  pouring  diloroli^rdric  ucid  into  tlia  mother  liquid  from  which 
the  kennee  has  been  dopositod,  a  preci[iil«te  of  a  deeper  red  colour' 
than  the  precipitate  is  obtained,  which  has  been  called  the  golden 
tulphide.     It  18  a  mixture  of  sulphide  of  ititimuny  Sh>S„  Bulfiinti- 
nooic  add  SbS„  aad  oxide  of  antiinon;  ShO,. 

It  is  ca*y  to  ascertain  that  the  oxide  of  antimony  exJsta  onlif  a%. ' 
on  adnvixtiire  in  k-cmie-*  minoml  and  in  the  golden  sulphide;  »a 
exaininalion  with  the  microscope  shows  the  oxide  of  antimony  ia 
the  form  of  white  points  Henttcred  tlirougb  the  mtisfi. 

Kermcs  contains,  also,  a  small  qtmntity  of  sulphide  of  potaasiuin 
combined  with  the  oxide,  or  with  n  portion  of  the  sulphide  of  on- 
timooy. 

Su^antimenie  aeid  SbS^  is  obtained  by  passing  a  current  of 
nilf hydric  acid  tlirouxh  a  solution  of  pcrchfonde  of  itntiiuouy  SbCI^ 
in  dilate  chl(»rohydrie  acid,  when  a.  yellow  preeipitate  is  formed, 
readily  dissohing  in  the  alkaline  sulphides^  and  forming  sulphoaaJtt ' 
which  frequently  crvstallire  with  great  facility.  For  medicinal 
Borpoaee,  a  tulfanUmtmiatf  of  eodium  is  often  prepared  by  mix* 
itig  intimately  IH  pnri,s  of  very  finely  powdered  milphidc  of  anti- 
moDT,  12  partx  of  dried  carboiiat«  of  aoda,  IS  of  lime  and  8^  of 
mlphar,  and  allowing  the  mixture,  after  it  hafl  been  triturated  for 
ft  kiog  time,  to  digest  for  aeveral  days  in  a  flnBlt  filled  with  water, 
the  vessel  being  frequently  shaken.  The  liquid,  when  evaporated, 
first  by  heat,  and  then  under  the  receiver  of  an  air-pump,  yields 
large  cryHtnLt  of  a  pale  yellow  colour,  and  of  which  the  formtUa  is 
SN»S,SbS,+18H0. 

COMI'Ol'NDS  OP  ASTIMONY  WITH  CnLOUISB. 

{ 1012.  Antimony  forms  two  compounds  with  chlorine,  SbCl,  and 
SbClu  corresponding  to  the  oxide  uf  aiittmoDy  SbO,  and  antimonic 
»cid  SbO.. 

The  chloride  of  antimony  SbCl,  is  obtained  by  pacing  chlonns 
itlowly  through  a  tube  containing  antimony  in  excess  white  the  per- 
clJoride  SbCl,  would  be  fornied  if  the  clilurine  be  in  too  great 
qoAntity.  The  chloride  is  also  obtained  by  distilling  in  a  glass 
retort  an  intimate  mixture  of  1  part  of  antimony  and  2  purtn  of  bi- 
cUoride  of  mercury ;  but  the  most  economical  method  of  preparing 
it  coDttstd  in  dl-tsolving  native  tmlphidc  of  auliuKPoy  in  cblorohydric 
acid,  and  craporating  the  liquid  with  an  excess  of  acid.  lu  the 
Isbonitory  the  residue  of  the  preparation  of  sulf  hydrio  acid  ia  uaod 
for  this  purpuae. 

Chloride  of  antimony  BbCI,  ia  a  wliitc,  readily  nL^ihle  aubfttimoe, 
which,  from  its  consistence  ut  the  ordinary  temperature,  was  for- 
merly called  butter  of  antimony.     It  volatilixos  at  a  tompcrttnrd 
b«1ow  a  red-heat. 
Tot-  IL— T 
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The  protochlorldo  of  aatuaoQy  is  dcliqucBCcat  in  a  moist  stmo- 
spli«r«,  and  (liagolves  without  cbaDge  in  a  nutU  quantitv  of  water, 
while  the  addition  of  oUorohydric  acid  is  nee«BtftTT  for  lU  Klotioa 
in  larger  qtiantitJe«  of  the  same  liquid ;  as  with  mucli  pure  water  de- 
composition would  ensue,  a  white  soluble  powder  of  an  oxycbloride 
of  ajititoony  SbCI„2SbO,+HO,  culled  by  the  old  chemi&ts  powder  of 
Algarothy  being  fonned.  By  treating  a  chloTohydrie  solution  of  chlo- 
rde  of  antimony  with  hot  water,  tlif  clear  litjuid  dcpoKitu,  on  cool- 
ii^,  eryBtola  of  another  oxycMoride  of  the  formula  SbC!„GSbO^ 
Repeated  waahinga  <lcconipo«o  the  oxychlorides  of  aiititnony  and 
leave  pure  oxide.  The  best  molhod  of  preventing  solutions  of  chlo- 
ride of  antimony  from  being  clouded  by  water  ounsinta  in  the  addi- 
tion of  a  certain  quantity  of  tartaric  acid. 

Anhydrous  chloride  of  antimony  combines  iinth  dry  ammontacal 
ns,  yielding  a  compound  of  which  the  formula  ia  NII,,SbCl,.  With 
uie  odkaLine  chlorides  and  chlorohydrate  of  ammonia  it  fonos  doa- 
ble cryRtaUiiable  chlorides. 

In  surgery,  chloride  of  antimony  is  need  to  cauterize  wotrnds. 
Gunnmitbs  employ  it  for  bromciiig  gun-harrcla,  the  iron  of  which, 
being  thus  covered  with  a  very  thin  pellicio  of  metallic  antimony, 
iii  preserved  from  rust. 

J'nvhloride  of  antinwny  SbCl,  u  prepared  by  heating  antimony 
in  a  current  of  dry  vliloriuc,  the  Bumv  u[)pn.nitus  being  u-wd  as  that 
employed  for  the  preparation  of  the  poreldorideof  tin.  The  liquid 
collected  in  tlic  receiver,  wliiclt  alwajii  contains  »nmo  prntocbloride 
SbCl,  in  solution,  must  bo  completely  saturated  with  chlorine,  and 
then  distilled  in  a  small  retort.  Tho  firttt  portions  which  pasa  over 
contun  a  eonsiderable  quantity  of  disKolved  chlorine,  ami  are  co- 
loured deeply  yellow,  while  the  RubBcquent  liquid,  hciiig  nearly 
colourless,  \»  collected  by  itself.  Perchloride  of  antimony  never* 
thelcfis  appears  to  decompose  at  the  temperature  of  its  ebullition 
under  the  ordinary  pre«!iure  «f  the  atmoaphere,  as  it  always  disen- 
gagee  chlorine  when  eubjected  to  distillation. 

DISrraCTIVB  CHARACTERS   OP  THE  SOLUBLB  COWPOUNDS  OF 

AKTiMo:yy. 

§  1018,  Tho  characterifltie  reactions  of  Bolutiong  of  antimony 
which  we  »«  about  to  indicate  refer  to  tho  protochloridu  uf  anti- 
mony and  to  emetic  tartar,  which  is  n  double  tartrate  of  antimony 
and  potasBs.  They  will  »ervc  to  distinguish  antimony  in  all  casea, 
beeaose  it  is  always  easy  to  convert  its  other  compounds  into  these 
two  products. 

Solutions  of  antimony  produce  with  potaesa  and  soda  white  pr^ 
cipitates,  which  are  easily  rcdiasolvcd  in  an  excess  of  alkali. 
Ammonia  throws  down  a  white  precipitate  insoluble  in  an  excess  of 
the  reagent. 

The  alkaline  carbonates  yield,  carbonic  acid  being  at  the  same 
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time  erolrod,  a  white  pi«cipita.t«  of  tho  hjdnitcd  oxid«,  wbich  does 
not  diwolve  in  nn  cxc«w  of  CBrbona-te. 

Solf  hydric  sad  nod  mif  hydrate  of  BTomonift  yield  a  chftra<ct«riB- 
tio  orangeHjotoured  precipitate,  which  diseoWcs  iu  an  esoesa  of  salf> 
bydrale. 

A  bliidc  of  iroa  or  zinc  precipitates  aQtimoDy  in  the  form  of  a 
powder,  from  which,  by  fusion  on  charcoHl  before  tho  blow- 
>(tpo.  metallic  antiiaony  is  obtained,  possessint;  the  cturftctcrietio 
pbysical  propertioa  which  duitingiush  it  from  tin,  this  metal  being 
aualogou  to  it  in  iM  chemical  reactions. 

DStEBMUJATlON  OF  ANTIMONY;  AND  ITS  SEPARATION^  FROM  TOE 
,  METALS  PREVIOCSLy  STroiED. 

S  1014.  Antimony  can  npithor  be  determined  as  the  oxide  SbO, 
nor  u  antiuonio  acid  SbO^,  a.';  the  purity  of  tbesc sabstanoes  wonld 
■IwftTS  ^  i^oeotioDable.  It  is  precipitated  from  its  solntion  by  sulf- 
hydno  acid,  a  sutBcient  i[iiantily  of  elilorohydric  acid  being  added 
to  prevent  the  liquid  from  being  clouded  by  water,  or  still  better, 
taitarie  acid,  when  tho  addition  of  this  Enbtttance do(is  not  intcrfero 
with  the  determination  of  the  remaining  substances.  The  liqnid, 
I  aft«r  being  Maturated  with  sulf hydric  acid  ga»,  is  exposed  to  a 
'  gectle  heat  for  aeveral  boure  ia  an  imperfectly  closed  bottle,  in 
order  to  allow  the  greater  porlJon  of  the  Hulf  hydric  acid  to  be  diit- 
engaged  ;  when  the  precipitate  of  sulphide  of  antimony  is  collected 
on  a  filter,  and,  after  being  well  wajtiied,  iit  dried  on  the  filler  at  a 
temperature  of  'H'l".  The  filter,  with  the  aubsttincc  it  contaiofl, 
being  weighed,  the  latt«r  is  separated  as  completely  n^i  possible, 
•nd  dropped  into  u  smull  fluiik ;  when  the  weight  of  the  filter,  sub- 
tracted from  that  nf  the  filter  and  saWanco  together,  gives  the 
veigfat  of  the  Bulphide.  The  atnall  <|uatitity  which  always  remains 
in  tbe  pores  of  the  filter  can  be  taken  into  account  by  incinerating 
the  paper  and  considering  tbe  residue  as  uutimoniate  of  antimony 
SbO,,SbO,.  The  sulphido  of  antimony  being  now  treated  with 
hot  atiua  regta.  the  antimony  ditutulves  aa  percblorido,  and  the  Bul- 

Ehur  ta  the  state  of  oulphuric  acid,  the  oxidation  of  the  sulphur 
eing  accelerated  by  au  adtliliun  of  a  small  (iiiamity  of  chlorate  of 
potannm  Chloride  of  b;irium  ia  then  poured  into  tho  liquid  pro- 
perly Elated  with  water,  while  a  small  ([uantily  of  tartaric  acid  in 
added  to  prevent  the  precipitation  of  oxychloride  of  aDtimony; 
when  sulphate  of  baryta  is  precipitated  atid  weighed  afkor  calcinn- 
cioo.  By  Hubtracting  from  the  weight  of  the  sulphide  of  antimony 
tbe  weight  of  sulphur  corresponding  to  tbo  sulphate  of  baryta,  the 
froght  of  the  metallic  antimony  id  obtained.* 

*  Va»  Btl^Md  giTSB  la  tho  toxt  mmj  ^n  soatiitnb]j  tborluuitl,  by  eollscUng 
tita  MlpU4«  »r»itiaMa7  oa  a  irci^livJ  Sltur,  wMcb  hM  been  prctiautily  dried  »t 
813^,  (■  Wlaaovd  SItw  i)  whcm  llie  wcigbl  of  Um  iil(«r  nith  tfao  pTcoipiUtv,  nti^r 
bciiif  d>l*d  at  tlie  une  tcotp«rntur«,  mtaut  the  wu^t  of  tl>«  filter,  givts  imint- 
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The  Rulphidc  of  antimony  nuij  also  be  beated  in  a  cnrrent  of 
hjdro^ea  gas,  wtiea  metallic  antimoDj  rciuftiiis,  eiilfhjdric  »cid 
and  T&pour  of  solphar  being  diMingafii^  For  tlm  purpose,  tlio 
sulphide  of  antimony  is  placed  in  a  stnall  poroclain  crncibk,  tbrcrugk 
the  lid  of  which  a  tube  passes  conveying  dry  hydrogen  to  the  bot- 
tom of  tht'  cruciWe,  and,  tbo  temperature  being  gradually  nused, 
the  reaction  Li  maintained  ontil  the  crucible  no  longer  alters  io. 
wcbht. 

La  no  case  can  antimony  be  weighed  in  the  state  of  Bulphide,  it* 
composition  alwHys  bating  a  matter  of  uncertainty. 

§  1016.  In  order  to  ecparat«  antimony  from  the  metals  we  bar* 
previously  studied,  the  insolubility  of  antimonic  acid  in  nitric  acid 
IB  sometimes  relied  on,  and  sometimes  its  prccipttation  by  solf  hy- 
dric  acid,  and  the  solulility  of  milphide  of  antimony  in  alkaline 
sulfliydrnte?.  Antimonic  acid  not  being  absolutely  insoluble  in 
nitric  acid,  it  is  always  neoeaaary  to  test  for  antimony  in  the  liqnid 
by  mean?  of  snlf  hydric  acid. 

In  order  to  separate  antimony  from  the  alkaline,  alkalinc-earUiy, 
and  earthy  metalt),  chloroliydric  acid  is  added  to  the  liquid  to  pre* 
vont  the  dopoait  of  oxychloride  of  antiinnny,  and  fiulfhydric  acid 
gaa  is  pas»e()  through  it.  Wlien  the  antimony  in  nearly  wholly  pre- 
cipitated, tho  li<]uid  lA  diluted  with  water,  because  sulphide  of  anti- 
mony iH  slightly  Buluble  in  cliluruhydric  actd,  uiili*J(H  tho  tatter  is 
very  dilute  ;  and  »ulf  liydi-ic  acid  is  again  passed  through  it.  The 
precipitate  of  Hulphide  of  antimony  hanng  been  iieparatcd  on  a  fil- 
ter, the  Ftibstanct's  remaining  in  solution  may  be  determined  by  tbe 
ordinary  jirocosscjs. 

Antimony  is  separated  from  luanganese,  iron,  eliromo,  eobaU, 
nickel,  and  zinc  by  passing  sulfhydric  acid  through  tho  liijuidacidu- 
lated  with  olilorobydric  acid.  The  prucipitatioii  of  ojtyohlorid©  of 
antimony  \s  frequently  preTcntcd  by  the  addition  of  tartaric  acid, 
in  which  case,  however,  the  other  metaU  can  no  lunger  be  com- 
pletely fteparatcd  from  tlieir  polutions  eitlier  by  ammonia  or  tlie 
alkaline  carbonates,  becauae  tartaric  acid  prevents  their  precipita- 
tion. The  liquid  then  being  saturated  with  ammonia,  the  metals 
arc  precipitnteil  bv  sulf hydrate  uf  amuioiii:i. 

Antimony  is  pcparatcd  from  caiiminm,  lead,  and  bismuth  by 
saturating  tlie  ehlorohydric  solution  with  uuiniouia,  and  adding  a 
large  exee)^«  of  eulf  hydrate  of  ammonia  in  which  a  certain  quantitT 
of  sulphur  hua  been  (li!«9olvcd.  The  bottle,  imperfectly  closed,  U 
erposed  for  several  hours  to  a  temperature  of  from  120°  to  140° ; 
when  the  antimony  disKulves  in  tlio  stnto  of  ftulpliide.  wltilo  the  sul- 
phide«  of  the  other  motalH  arc  precipiiatod.     By  doconiposing  iho 

di«t«1y  the  w«lght  or  ftll  (b»  antUnotiy  u  lulphtdt  8b8„  wtieoco  Uial  of  ths  »«■ 
tnllio  aBttinoiijr  may  b«  deduoed.  Tba  nntitaoBjr  having txeu  fa  Ui«  bMI«i of  proto- 
olilurido  SbCI.,  is  prvcipilai«U  encinO;  m  prutosulplihlQ  StS,.  in  all  cases  when 
ilio  inUnKininl  compoiiDd  tins  opt  bo«n  diHc^lted  in  mtromurinUc  B<ld.— IT. />.  f. 
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filMred  liquid  bv  dilate  clilorohyilric  acid,  the  sulpliide  of  antimony 
eeparstoi,  mizcu  with  a  Urge  <)uantity  of  free  sulphur. 

AnttDiony  caniioL  b«  MpurAtoi]  from  cio  by  any  of  the  processes 
joBt  described.  The  reactions  of  thctio  mctsla  bcinK  very  similar, 
tlieir  BoparatioD  is  consequently  u  tuatter  of  dome  dilticulty.  Both 
nctab  Ming  di8aolrc<l  in  aqua  rcgift,  arc  procipit»ted  togt'tlicr  by  a 
l»laile  of  xiac,  uud  the  meiullic  pri'cipitatu  is  weighed.  It  18  then 
dissolved  in  aqua  rogin  with  an  ex<:c^»  of  chlorohydric  ftcid,  and  ft 
blade  of  tin  dippiil  into  the  liquid  when  properly  diluted,  by  vrUeh 
t)iefintiniony  oione  i?  precipitated,  mid  perfectly,  if  eire  1)e  taken  to 
keep  the  Uqoid  gently  heated,  with  a  flight  excess  of  cblorohydric 
acid. 

DBTECTIOH  OP  ASITMONY  IS  CASES  OF  POWOKTKO. 

§  1016.  As  compotrndii  of  antimony  act  as  pusons  on  the  animal 
eooaomy,  it  occasionnlly  falls  to  the  lot  of  the  medical  man  tn  in- 
vestigate their  tuxicolngicoJ  pfTects,  the  tiubject  of  inveattgu-tion 
being  sometimes  food  and  sometimes  portions  of  the  human  body. 
]P<ir  this  purpose,  the  HUHpected  matter  being  diluted  with  water,  a 
oertiuii  quantity  of  pure  chlorobydric  acid  added,  and  the  liquid 
boiled,  20  gm.  of  chlorate  of  pota^Ka  f»r  every  100  partti  of  mat- 
ter are  thrown  into  it  by  small  quantities  at  a  time,  the  Uquid  is 
filtered  while  boiling,  and  i;uncentrated  by  evaporation.  It  is  then 
iatrodoccd  into  a  Alareh's  apparatus,  as  represented  in  fig.  260 ; 
when  a  glittering  ring  of  metallic  antimony  formK  in  the  tube  fg,  in 
which  alt  the  characteristic  reactions  of  antimony  may  be  obserre<l. 
A  blade  of  tin  may  also  bo  plunged  into  the  filtered  liqiiid  after  it 
has  beeu  properly  concentrated,  when  the  antimony  t«  depuaitedoii 
the  tin.  The  tin  is  dinsolvcd  in  aqua  regia,  with  the  black  precipi- 
tate which  may  have  separated  from  it,  after  which  it  is  evaporated 
with  an  excess  of  chlorohydric  acid,  redisscilvcd  with  the  saiuc  acid 
in  a  Tery  dilute  state,  and  the  solution  treated,  aa  before,  in 
Harah's  apparatus. 

ALLOYS  OF  ASTIMO^V. 

|101T.  Although  antimony  combines  with  a  great  number  of 
[oMtals,  the  only  ajloys  udcd  in  the  art»  ore  those  of  antimony  and 
le«d  for  printers'  types,  luid  lliose  of  antimony  and  tin  for  various 

Antimony  combincfi  readily  with  potassium  and  sodium,  produc- 
ing alloys  which  decompose  water  at  the  ordinary  temperature  with 
4iaenga£ement  of  hydrogeu  gas, and  which  frequently  detonate  !<iid- 
denly  itBen  moistened  with  a  ^rnall  quantity  of  n'ater  or  rxpunedto 
A-wnp  aimoepbere.  An  alloy  of  antimony  and  fudod  potassium  is 
prepared  by  heating  for  several  honr»,  in  an  earthen  emciblo,  a 
mixttoe  of  ti  parts  of  tartar  emetic  and  1  of  nitre,  or  equal  porta 
of  metallic  antimony  and  black  flux;  when  the  metallic  button 
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found  at  the  bottom  of  the  crucible  will  deompose  water  at  tite 
ordinnry  tPinperature,  with  <lWiij;;u^eme!it  of  hydrogen.  A  finolj 
divided  alloy,  which  explodes  wlicu  moistened  wlh  a  dropof  vat«r, 
18  obtained  by  heating  for  several  hourH  in.  an  earthen  crucible,  at 
0,  hieh  temperature,  100  parts  of  tartar  emetic  and  ^  parts  of  latnp- 
blaCK,  The  crucible  should  be  plnc-ed,  afVer  the  calcination,  under 
a.  ■well-dried  bell-glass,  which  should  b&  removed  only  when  it  is 
perfectly  cool.  This  eubstunco  requires  lh«  uioat  cnrrl'ul  handling, 
as  it  frequently  giv«8  riso  to  fcarfiU  accidents  by  detonating  spon- 
taneously. 

By  fuutug  in  an  earthen  cniciblo,  at  a  strong  whilivbcat,  a  mix- 
ture of  70  parts  of  incUilUc  autimuny  and  30  of  iron-fiUng^  a  very 
ha.rd  nietuliic  globule  is  obtained,  which  on  being  Sled  oiuita  sparks 
of  fire.  Thui  itubetuucc  ii  kuowQ,  iu  the  laboratory,  under  the  name 
of  R4aumuT»  alhj/. 

METAI.t,UBOY  OP  ANTIMONY. 

S  1018.  We  have  said  that  the  sulphide  is  the  only  ore  of  anti- 
mony. It  is  first  separated  from  its  gangue  by  simple  fuuon,  for 
which  purpoa«  the  ore  is  placed  in  large  orucibtcs  V  (6g.  556),  ar- 
ranged in  two  rows  in  a  furnace. 
Each  crucible  has,  at  its  lower 
part,  nil  apcrtui-e  corre^pondiDg 
to  an  opening  made  in  the  benchea 
on  which  it  rests.  Under  tho 
cniciblex,  and  in  tho  compart- 
menta  D  of  the  furnace,  arc 
earthen  pots  Q,  in  which  tbo 
fiiAcd  antimony  is  collected,  while 
pine  wood  ia  burned  on  tho 
grates  G.  Sometimes  the  ore  is 
hcntctl  in  a  reTerherntory  fur- 
nace, when  the  fused  eulphide 
runs  into  a  cavity  in  the  hearth, 
and  flows  outwardly  into  iron 
potfi. 

The  Kulphido  of  antimony  is 

tboti  roaatcd  in  a  rcvcrbcratory 

furnace,    where  it   is  converted 

"■'■'■■^into  oxyeulpbido  or  glass  of  nn- 

j timony ;  after  which  the  roasted 

flubf^tancc  ie  pulverised,  and  then 
mixed  with  20  per  cent,  of  charcoal  Mojiked  in  a  alrong  solution  of 
Cftrbonate  of  soda.  This  mixture  being  calcined  in  crucible:!,  the 
oxide  of  antimony  ih  reduced  to  the  metallic  state,  while  a  portion 
of  the  sulphide  is  docoitipoHcd  by  the  carbonate  of  soda  and  yields 
an  additional  quantity  of  melal.     A  globule  of  antimony,  called 
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reffvha  of  afritnumy,  ia  found  Bt  the  bottom  of  the  cnicibleB,  eor- 
motinted  by  on  alkuine  droBB  containing  solphide  and  oxide  of  anti- 
mony, and  which  may  be  used  for  uie  preparation  of  kermes 
mineraL 

Metallic  antimony  may  also  be  obtained  by  decomposing  solphide 
of  antimony  by  iron ;  bat  its  quality  is  then  inferior,  as  it  contains 
a  large  proportion  of  iron ;  and  although  the  latter  may  be  eepa- 
rated  by  subjecting  the  substance  to  a  partial  roasting,  a  consider- 
able quantity  of  antimony  must  be  oxidized  in  ordier  to  effect  a 
complete  separation  of  the  iron. 


URANIUM. 

EQurvAlJ:wr=  60  (750.0;  0  =  100). 

§  1019.  Uranium*  u  propar^J  in  tho  same  yny  as  magrLe^'ium  ; 
that  18,  by  decomposing  ita  chloride  hy  mcxaa  of  potaseiiua,  for 
which  purpose  a  mixture  of  about  ti  y&rla  of  protochlorido  of  ura* 
nhiiTi  nnd  1  of  notassiuin  i^  gently  hpntcd  in  a  pl&tinum  cnicible,  the 
li(J  of  which  is  lastcned  down  by  irou  wire.  When  the  reaction,  which 
euRues  with  lively  incandescence,  is  tenninutpd,  the  crncihic  is  ag&in 
heated  in  order  to  volutili»e  the  greater  portion  of  the  potassium  in 
exocss,  after  which  the  cnicihle  is  allowerl  to  eool.  and  the  substance 
treated  with  water,  wliich,  disiiolviug  the  chloride  of  putiL5siuin,  Icavoa 
the  uranium  in  the  form  of  a  blaek  powder.  Small  plates  of  ura- 
nium are  often  found  on  the  sides  of  the  crucible,  in  which  case  the 
metal  possesses  a  lustre  resembling  that  of  silver,  and  a  certain 
doeree  of  maUoability. 

Uranium  is  very  combustible  :  it  ipnitea  in  the  air  when  heated 
above  892°,  burning  with  great  briUinnoy,  nnd  being  tranfiformcd 
into  a  deep-green  oxide.  It  remains  unchanged  in  the  air  at  the 
ordinary  temperature,  and  does  not  decompose  cold  water.  It  dis- 
solves with  disengagement  of  hydrogen  in  the  dilute  acids,  and  pro- 
duces green  solndons.  It  unites  with  chlorine  with  great  disen- 
cagemeut  of  heat  and  light,  forming  a  green  volatile  chloride. 
With  sulphnr  it  combines  directly,  ana  at  a  low  temperaturo. 

COMPOrKDS  OP  URANIUM  WITH  OXtOEK. 

§  1020.  Two  compounds  of  uranium  with  oxygen  axe  tnown : 

A  protoxide  UO ; 

A  Besquioxide  U,0,. 

Several  intermediate  oxides,  which  arc  regarded  as  compotrndsof 
the  first  two,  are  also  known. 

Protoxide  of  uranium  VO  is  prepared  by  decomposing  the  sea- 
quioxalate  of  uranium  U,0,,C',O,  by  hydrogen  at  a  red-heat,  when 
a  brown  powder  remaimi,  wMeb  must  be  preserved  in  an  atmoRphere 
of  hydrogen,  by  hcrmoticaily  eealing  the  cuds  of  the  tube  in  which 
the  decomposition  has  been  eflt'cted.  Tho  oxide  is  very  pyrophoric, 
becoming  feebly  incandescent  in  tho  air,  and  being  converted  into  a 
black  powder,  which  is  an  intermediate  oxide  U  0,,  and  the  for- 
mula of  which  should  probably  be  ^^-ritten  2UO,Ij,6,.  The  pro- 
toxide is  oblalned  in  a  more  aggregated  form  by  decomposing  the 

*  Ouil«  of  uranium  «u  iliMcoTirail  in  I'SH.  by  KUprotli ;  while  motklllo  ur«- 
aiom  iru  isolttcd  bj  U.  r«Ugot  <iijJ/  u  l&le  m  1942. 
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double  chloride  of  uraniam  and  poi&Hsium  by  bjiIrogOD,  when  tho 
prolozido  of  ur&njum  r^Eaaitu,  after  trfatniciit  vith  wiiter,  iii  the 
fonn  of  crjetalline  spsaglee  which  do  not  ckuig«  in  the  air  at  tlw 
ordinu-i)'  tcmpCratore. 

Protonde  of  nranlnin  may  alno  he  obtained  in  the  hydnted  VOM 
by  dMomponng  by  ammonia  the  green  solution  of  protooUoride  of 
uTxuium  UCl ;  a.  flaky.  reiidisb*broini  pTccipitaCe  being  formed, 
which  rctidily  dissolvea  in  acids. 

By  beating  protoxide  of  uranioin  in  the  air  to  a  dull  r«d-tieat,  it 
is  converted  into  an  oxide  of  a  deep  olive  colour  and  a  velvety  np> 
pcarmuoe,  the  compositioo  of  which  is  U.O^,  or  more  probably, 
UOflT.O^  AS  by  solution  in  acidji  a  protosalt  iukI  a  sea(|uiB&lt  are 
formed.  At  a  higher  tempernture  thia  oxido  is  decomposed  and 
changed  Into  a  black  oxide  2L'0,U,0,.  The  oxide  of  uranium  ha< 
been  loofi  recorded  as  a  metal,  and  called  uranium. 

Sesquioxide  of  oraniitm  U,0^  which  la  the  ba-so  of  tho  yellow 
Btdt8  01  uranium,  has  not  yet  been  isolated.  "When  the  scsqui- 
nitrate  is  decomposed  by  a  properly  reguiatod  heat,  an  orauKC*- 
eotovred  basic  ealt  is  firt^t  obtained,  white  on  ((till  iucroBniug  tha 
temperature  it  loses  a  purtlun  »f  iu  oxygen,  while  it  at  tho  same 
time  parts  with  tUo  lawl  traces  of  it«  acid.  By  precipitating  a  solu- 
tion of  »  yellow  f^alt  of  uranium  by  potaasa  or  ammonia,  a  ycllow 
pTDcipitate  is  formed,  which  U  a  true  uranute  of  the  biifio  whieh 
effected  the  precipitation.  Uydratcd  sea(|utaxide  of  uraniutn  ia 
preparc<taA  follows: — A  solution  of  the  yellow  oxalate  of  uranium  is 
i-xpoacd  to  the  action  of  Bolar  heat,  which  effecta  the  disengage- 
iiient  of  a  mixture  of  airbtmic  acid  and  oxide,  while  a  flaky  preci> 
pitat«  of  a  violet-brown  colour  ia  formed.  The  precipitate  rapidly 
abvorbfl  the  oxygen  of  the  air  while  it  is  being  collected  on  a  filter, 
and  is  converted  into  a  yellow  Eubetance,  which  is  the  hydrated 
vewioioxide  L',0.+2UO. 

PROTOSALTS  OF  UHAKIDU. 

1081.  Only  a  small  number  of  protosalt«  of  uranium  arc  known, 
from  ibe  Bolutiuna  of  which  ammonia  and  the  ultalit-s  throw  down 
browniali  black  prccipitateci,  which  tiim  yellow  by  exposure  to  the 
air,  being  then  converted  into  soHquiuxide,  which  remaioB  in  com- 
biuatioa  with  the  alkali.  Sulfhydric  acid  exerts  no  action  on  theso 
salta,  while  the  sulf  hydrates  yield  black  precipitates.  The  green 
iw]t8  of  (be  protoxide  of  nraniom  are  readily  converted  into  yeUow 
ga.lt«  of  the  sesquioxidu  by  oxidizing  rt'iLgents:  and  nitric  acid  or 
clilorine  effect  tho  same  change,  even  when  cold. 

Pri^OBulpkaU.  of  uranium  is  prepared  by  pouring  tmlphnric  acid 
into  &  coucentrated  Bululiou  of  green  protochloride,  heat  boiiig  apx 
plied  to  drive  dS  tho  cItl(irohydrtc  add.  Ily  treatment  with  water 
a  lifpiid  ia  obtained  which  depouts  jgreen  crystals  of  the  proto&ul- 
pbatc,  of  which  the  formnla  is  U0.S0,+41I0. 
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By  uddUiig  oxalic  acid  to  a  aolulioii  o{  the  green  prolochlori 
;zrceni9)i-wtiito  procipitstfl  is  obtained,  vhicu  inny  bo  wiuihe)]  la 
ID  boiliug  water  without  diasolriDc,  and  coaeiat^  of  protoxalute  of 
urantuiD,  viith  ttio  formula  U0,C,U,+311O. 

SBSQUiaALia  OF  U&ANIUM. 

S  1022.  Tb«  BWanioxid*  of  «rani«ni  UgO,  forma  &  great  number 
of  cryBt»lli&able  salts,  the  pccullanly  of  irboac  compoaition  diatin* 
ffuishes  then  from  gnlta  formed  bjr  tbo  other  metallic  sosquiozldce. 
We  have  Been  thtit,  in  all  the  nenlral  ealts  fonnod  by  u  samd 
ad<i,  the  ratio  between  the  oxygen  of  the  ba*e  and  that  of  the 
acid  is  constant ;  being  »»  3 : 1  for  the  fnulpbutcs  :  ibu  formaU  of 
the  neutral  sylphatos  are  theroforc  R0,30,  for  the  protoxides,  and' 
K,0„8SO,  for  the  &«s<|iuoxidi:a.  Ihe  ratio  being  ua  5 :  1  for  thtt 
nitrates,  110,N0,  is  the  formula  of  the  protonitrates,  and  R  Oj,3N0l 
that  of  the  sosquinitratcs.  But,  when  the  sulphate,  or  nitrate,  of 
the  Besq^uioxido  of  urnnium  is  crystalliicd  in  any  cxcesis  whatever  of 
ita  respoctivo  acid,  tho  crystallized  salts  alwaye  present  the  for- 
mula U,0,.SO,  and  U,0,.KO,.  If.  therefore,  we  admitted  tba 
gcnerni  application  of  tlio  law  of  eomposition  of  salts  first  laid  doim, 
these  salts  would  be  tri-bnuic  siills.  wtiicli  would  be  very  remarkable, 
inanmuch  as  they  have  erystanizotl  in  presence  of  a  gi-eat  excess  of 
acid.  In  order  to  remove  tliia  anomaly,  ecveral  chemiste  hare  anp- 
posed  the  sesquioxidc  of  uranium  to  be  a  true  protoxide,  formed  by 
theeombinatiun  oronccjuivulunt  of  oxygen  with  an  already  osidiacd 
radical,  which  would  prtsoni  tlio  composition  of  protoxide  of  ura- 
nium, and  whidi  thfy  cull  wangle..  Sertquioxlde  of  uranium  being 
therefore,  in  theii-  opinion,  a  protoxide  of  itrant/U;  they  write  its 
formidu  (2UOjO,  and  tho  satt^  of  the  ecHquioxido  of  uranium  an 
neutral  mU»  of  pratortde  of  vranj/le  {2UO)0,SO„(2UO)0,NO„ 
ete.  etc.  \Vc  ehall  have  ocoasion  to  meet  with  several  other  com- 
pounds of  uranium  wliioh  niuy  bo  cited  iu  favour  of  this  opinion. 

Solutions  of  the  sosquisalta  of  uranium,  or  protosalts  of  uranyle, 
arc  of  a  beautifid  yclluw  colour,  aud  throw  domn  with  the  alkalies 
yellow  precijiitnles  of  tivinnteg,  in  ■mhicli  the  soscjuioxido  of  uranium 
aet«  tho  part  of  a  weak  anid  witli  powerful  hmw.  The  alkalino 
carbotiute»  and  carbonato  of  ammonia  throw  down  granular  yellow 
precipitates,  whicli  arc  double  carbonates  and  dissolve  in  an  exccM 
of  the  reagent,  ^ulfhytlric  acid  excrtji  no  action  on  solutions  of 
flwquiealta  of  unuiium,  while  the  nalfhydrates  yield  a  brownish- 
yellow  precipiiale.  Prussialo  of  potaali  givo«  a  brownish-red  pre* 
cipitate. 

Sfsquinitrate  of  uranium,  wliich  is  the  most  important  of  all  ibe 
Balls  of  this  metal,  is  obtained  directly  from  the  ore  of  nraniura. 
The  principal  inineraht  coutainiitg  uranium  are  pitehhttn^e  aud 
uranH«.  I'itchblendc,  which  cliietlv  consists  of  oxide  of  uranium 
U0»U,O„  and  fonns  compact  blacfi  mBSdce,  with  a  brilliant  frao- 
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bire,  reBembltng  pitch,  occurs  principally  in  Bobemia ;  while  umnttu. 
which  iff  a  double  phocphate  of  the  fciiqiiioxlilo  of  urnRium  and  lime 
(CaO,2U,0,jPhO,+8HO,  and  forms  jellow  crystalline  laint-Wio. 
with  greenUn  reflections,  is  found  in  most  abundance  in  the  envi- 
rons of  Autun. 

Bohemian  pitchblende  is  the  material  which  '»  always  naei  for 
the  preparation  of  tho  compoands  of  uranium.  The  tniaeral,  being 
redtioeu  to  a  fine  powder,  is  lencated  to  separate  the  lighter  earthy 
nntter,  and  then  treated  with  nitric  acid,  which  readily  attacks  it ; 
after  which  the  solution  in  evaporated  to  drvnesji  and  treated  with 
water,  which  leaves  uadiasolvetl  n  bricfc-red  residue,  consisting  of 
sulphate  of  Ipnd  and  HC^qmoxidi?  of  iron  combined  with  a  certain 
quantity  of  ariiCDiotifi  acid ;  while  the  liquid,  which  iii  of  a  grecniiih- 
jellow  colour,  affords  after  suitable  evaporation  a  oopioufl  and  con- 
fbsed  cryHtallisHitian  of  sciiijuinitrate  of  uranium.  Ttic  simpy  mother 
iiqaid  ia  decanted,  and  the  cryatalfi,  after  having  been  allowed  to 
drain,  are  re^lissolved  in  water  for  the  purpone  of  recrvHtallisatiou. 
As  the  mother  liquid  still  contains  a  cousidorablc  <{uantity  of  ses- 
quinitrate  of  uranium  which  ainnot  crvstallixo  on  account  of  the 
presence  of  foreign  salts,  it  is  diluted  with  water,  and  treated  with 
a  cmrent  of  sulf  hydric  acid  goa  to  precipitate  the  suljiliiilcH  of  cop- 
per, lead,  and  arsenic,  afl«r  which  the  filtered  li()uid  U  ugaiu  e>~apo- 
rmled  U>  dryncm  and  trentcd  niith  cold  water,  when  n  fcmiginons 
d«poJ>it  remains.  The  liquid  then  yields  on  evaporation  an  addi- 
tiooal  quantity  of  cryntalbzed  sesriuinitrale  of  uranium. 

The  nitrate  of  uranium  thun  prepared  imdergoes  a  luet  purifica- 
by  being  placed  in  a  llask  with  ether,  in  which  it  is  conslder- 
jly  Bolnble,  and  from  which,  by  evaporation  of  the  ether,  pure 
titrate  of  uraoiuni  i^  deposited,  which,  after  being  rediasolved  in 
r,  ia  again  crystallized. 
Scaquinitrate  of  uraniom  fonus  beautiful,  often  very  large,  ycUow 
ntali,  which  exhibit  green  reflections,  like  nearly  all  the  sesuni- 
Its  of  uranium.      Its  formula  is  U,0„NO,+t>lf<^,  or  {2U0)0, 
lOj+tJIIO.     It  melln  in  its  water  of  crystallization,  with  which  it 
nearly  wholly,  jiolding  a  crystalline  mass  after  cooling.   This 
It  is  used  for  tho  preparation  of  all  the  other  compouudft  of  ura- 
iinm:  calcination  convertit  it  into  oxide. 

Si9qnisulpha(e  of  uranium,  which  is  prepared  by  dcoomposing 

le  nitrate  liy  sulphuric  acid,  forme  several  crystallizable  double 

Ipbales.    The  formula  of  the  duublv  sulphate  of  uranium  and  po- 

is  U,0„SO,+KO,aO,+2IIO,  and  will  be  seen  to  poeseea  do 

salogy  with  the  alum«. 

StwquioxalaU  of  uranium,  being  but  sH^tly  soluble  in  water,  is 
cipiuted  when  oxalic  acid  is  poured  into  a  solution  of  tho  se^qui- 
itrate.    The  formula  of  the  salt  is  r,0,,G,0,+3nO,  which  should 
written  (*2L'O)O,C,O,+3H0,  if  tho  hypothesis  of  uronylo  be 
•dinitted. 
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SMOuioxiilo  of  oraniam  commiinic&tcfl  a  clc«r  ypUow  colonr  wit 
beautiful  gri-cn  reflections  to  ^itroous  fluxoe,  and  bM  bcco  ntsod  fa 
several  jt-ars  for  colouring  g1ai». 

COMPOTJNPS  OF  TJEAMUM  WITH  CHLORINE. 

§  1023.  Two  compound*  of  nraniuia  with  chlorine  arc  known; 

The  pratochtoride  UCl  U  obtsined  by  siilytctiiif;  a  mixture  a 
oxide  of -uranium  and  charcoal  to  tho  action  of  chlorine.    Tho  mu 
being  iiitroducod  into  a  lube  of  liord  gla«8,  so  as  to  half  fdl  it,  and 
drj  cblorino  paescd  through  tho  end  containing  tho  mixture,  th« 
latter  is  heated  to  redness,  when  tbo  protochlonde  of  uraiiiuni  a[  ' 
pears  in  tho  ftirni  of  rod  vapours,  which  condense  in  the  cold 
of  the  tube  in  very  brilliaut  and  nearly  black  octohedrjc  ci 
Tho  cblurido,  which  is  verj  gusceptillo  of  moisture,  dissolToa 
in  water,  and  produces  a  uci'p-grfren  aolution. 

If  the  protuchloride  be  heated  In  a  gloss  tuh«  in  a  current  of 
drogcn  gas,  it  loses  a  portion  of  its  chlorine,  and  ia  converted  int 
a  slightiv  volatile,  deep  broivn  product,  of  which  the  formula 
U.Oi,.    This  chloride  aiseolvc5  rcadilv  in  water,  and  jiclda  a  pm 
solation,  which  soon  turnx  green  by  disengaging  hydrogen  gas. 

Oryehloride  of  Uranium,  or  Chloride  of  Uranyle. 

§  I0S4.  Uy  beating  protoxide  of  uranium  in  a  current  of  chloric 
a  yellow,  vcir  fneihio,  and  but  slightly  volatile  crystalline  eompound 
is  formed,  which  shows  the  formula  U,0,CI,  or  (aL'OIG,  if  it  ba 
regarded  as  protnehhride  &f  tiranj/le.  When  heated  with  potaatjom 
itloaes  •inly  its  chlorine,  and  the  residue  cousisU  of  tho  protoxide 
(2U0),  or  nranyle.  This  compound  is  soluble  in  water,  n-ith  a  jcl. 
low  colour,  and  forma  crystallizablo  compounds  with  chloride  of 

Sotassiiun  and  chlorohydrate  of  ammonia.     The  formula  of  these 
ouMe  chlorides  are  (2U0}a+KCH-2H0  and  (2i:0)01+NB-, 
HCI+2H0. 

I>ETEILMtN.\TION  OF  trBANttTM;  AND  ITS  SKPARATIOX  FROM  THB 
NETALS  PREriOCSLY  8TIIDI£0. 

$  lOSd.  Uraninm  ia  determined  as  protoxide,  for  which  pBi 
the  superior  oxides  are  reduced  by  hydrogen  at  a  red-heat.  It : 
sometimes  weighed  in  the  state  of  the  black  oxide  2^0,0,01,  il 
which  case  it  ts  suBicienl  to  roast  the  oxides  in  the  air  and  calcit 
at  a  strong  red-heat.  Sentuoiide  of  uranium  is  generally  preoif 
tated  hx  ammonia,  whicll  jv^ia  %  yellow  procipiutc  of  uranatc  i 
ammonia ;  and  as  the  precipitate  is  apt  to  pass  through  a  filter,  this 
inconvenience  is  remedied  by  adding  *  oertaift  qaaniity  of  sai-am- 
moniac  to  the  liquid. 

Sesqoioxide  of  uranium  is  separated  from  the  alkalies  by  am* 
mosia,  and  from  baryta  by  sniphnric  acid,  which  precipitates  the 
latter  base ;  while  it  is  separated  from  line  and  strontian  by  crapo- 
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rating  the  liqnid  with  Bolphnrio  acid,  and  treating  it  with  alcohol, 
vhieh  dissolres  only  the  sesqnianlphate  of  nraniont.  In  order  to 
separate  iron  from  nrsnimn,  the  former  is  brooght  to  the  state  of 
Beequisalt,  and  a  large  excess  of  carbonate  of  ammonia  is  added, 
which,  precipitating  the  sesqniozide  of  iron,  maintains  the  uranium 
in  eolation.  The  sesqoioziae  of  oranium  may  be  separated  from 
alumina,  and  the  oxide  of  chrome  by  the  same  process. 

The  separation  of  nraniom  from  magnesia  and  the  oxides  of 
lauiganefle,  nnc,  cobalt,  and  nickel  is  foonded  on  tiie  solubility  of 
■eaqnioxide  of  nraniom  in  bicarbonate  of  potassa :  an  excess,  of  bi- 
ewbonate  of  potassa  is  poored  into  the  add  liquid,  when  a  solnble 
double  carbonate  of  sesquioxide  of  nraniom  uid  potassa  is  formed, 
wbile  the  carbonates  of  the  other  metals  are  precipitated. 

In  order  to  separate  orauiom  from  cadminm,  tm,  lead,  bismuth, 
utd  antimony,  it  suffices  to  pass  a  corrent  of  solf  hydric  acid  gas 
through  the  acid  solution,  by  which  means  all  these  metals  are  pre- 
cqatated,  while  the  oraniom  alone  remains  in  the  liquid. 
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TUNGSTEN. 

EQClVALBNt^  95  (1187.6;  0=300). 

§1026.  ToDgRten*  ia  obtained  by  heating  at  a  strong  red-bcci] 
tungstio  acid  in  a  current  of  Iiydrogca  eax  in  n  porcelain  tnbc^I 
when  the  metal  remains  in  ihn  form  of  a  deep  graj  ]>owi)er.      It  igj 
obtained  in  a  more  aggregated  fonn  hj  heating  tnngetic  acid  in  m\ 
"brasqued"  crucible  in  a  forgo-fire,  in  wMcli  case  tlie  metal  is  in  Si 
contiistent,  but  cot  fiucd  nwa,  which,  when  filed,  ajsnmefl  a  metallic 
lustre.     Its  density  ia  cauaidorable,  being  about  17.5.     It  does  notj 
oxidize  in  the  air  at  the  ordinary  temperature,  but  at  a  red-beat  iai 
converted  into  tungatic  acid,  into  which  il  ia  also  converted  when 
brought  at  a  red-heat  into  contact  with  water,  which  it  decempofteB,  j 
Chlorobjdrie  acid  docM  not  act  seoi^ibly  ou  metallic  tungsten,  whtU 
nitric  acid  itttacks  it  actively,  and  traneformB  it  into  tungstic  adc' 
which  effect  ia  uLsu  produceu  by  e^ulphuriu  acid,  when  eonccntrat 
and  hot. 

COMPOUNDS  OP  TnraSTETI  WITH  OXYQE!T. 

1 1027.  Tungsten  forma  two  well-defined  compoonds  with  oxjf^j 
gen:  a  binoxido  WO,  and  tiingstic  acid  WO,. 

Tongatie  acid,  which  is  the  itio»t  important  of  these  cnmpountlail 
is  osod  in  the  preparation  of  the  other  compounds  of  tungi<tcii.j 
Tungsten  oecum  in  nature  as  tungstio  iron,  or  ti>o[fram,f  which  ig\ 
a  doable  tnngstate  of  iron  and  uumganese,  of  the  general  forau 

(FeO,MnO)WO, ;  the  formutiv  of  the  minerals  from   the      

localities  which  have  hitherto  bei'n  analyzed  being  2(FeO,WQflH 
3(MnO,WO,),  or  4(FcO,WO,)  +  MnO,W'^0..  Wolfram,  which  iti 
found  in  largo  black ish-brown  crystals  in  the  primitive  rocks,  iaj 
which  it  frequently  acconipaniea  oxide  of  tin,  is  found  in  mani 
placed,  particularly  in  the  environs  of  Limoges.  In  order  to  obtatiil 
tungstic  acid  from  wolfram,  iho  mineral  is  treated  with  aqua  rcgi«,f 
which  <lJg»!olvc8  tlio  iron  and  luangaueBO  as  chlorides,  while  tbft] 
tungdtcn  reinniua  iu  the  aliLte  of  insoluble  tungetic  acid.  It  is  col*] 
Iccted  01)  a  filter,  and,  after  being  well-waahed,  is  treated  by  a  solt. 
tioD  of  ammonia  ;  when  tuugetatc  of  ammonia  ia  formed,  which  di9>  ' 
soIveB  and  neparates  from  the  quartaosc  gangue  and  the  untouched 
ore.     Tbe  solution  yields  small  prismatic  crydtalH  of  tungstato  of 

*  Scbeele  lUeoorerod  timgaiLe  acid,  wbllc  the  brothcn  Elhigftrt  fir*t  acp^raud 
Uie  metal  ftoa  tU 

i  In  Gnrman.  the  mi tol  is  callcil  tcoI/ra«t.  after  tlie  iiiiii«ral ;  or  ttAfH,  alter  iu 
dJMOTorcr;  siitt  from  ilic  iiaiuo  af  nulA'am,  iho  tYDtbot  of  luuicglen,  W,  la  dcrirci). 
-V.J..F. 
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ainmonw,  whioti,  when  bc&ted  in  the  air,  is  converted  into  cangstic 
»ctd. 

Tnnindc  acid  i»  &  briglit-ircllow  powder,  itwolable  in  water  And 
tb«  ftcias,  but  readilv  soluble  Id  ntkaliac  liquids  and  luiunoiiia  wlien 
h  ban  not  been  calcined. 

By  benting  tungi<tic  neid  at  a  moderate  tcn)p«r&turc  in  a  car- 
tent  of  bydrogcn  pis,  a  brown  powder  of  tlie  blnoride  WO,  re- 
»ajti8,  the  bcttt  tnetbod  of  preparing  wliieh  cooeistg  in  fusing  1  imrt 
of  volfram  and  2  of  carbonate  of  potait^u  in  u  platinuia  i;riicible. 
and  treating  the  ma»»  with  water;  nfter  which  the  filtered  liquid 
containing  tuugetale  of  potatssa  in  aolution  is  cv&poriLted  to  drjiie&s 
with  a  ^  part  of  »il- ammoniac.  The  eiilcinccl  matter  being  treated 
witb  water,  the  oxide  of  tungsten  WO,  remains  iu  the  form  of  a 
bUck  powder,  which  change-s  rendiiy  into  tungstic  acid  by  beating 
tl  in  the  air.  ^Vhen  heated  with  a.  concentrated  solution  vf  caustic 
potiow,  it  decomposes  water  and  is  concerted  into  tuogiitii;:  acid. 

Binoxide  of  tungsten  forms  witb  soda  a  compoond  of  the  formula 
KaO,2W0,,  which  is  obtained  by  beating  bi-tongatate  of  »o<I»  in  a 
current  oF  hydrogen  gas,  and  purified  by  treatment,  first  with  cblo- 
roliydric  acid,  and  then  witb  a  solution  of  potassa,  which  removes 
the  tungstic  aeid  in  exccsii.  Thesnbslance  forms  small  cubic  crys- 
tiilp  nf  a  beautiful  golden  yellow  colour. 

When  tungstic  acid  in  pnlijectcd  to  a  partial  reduction,  a  lluf- 
&xide  m  obtained,  which  is  regarded  ns  a  compound  of  the  two  pre- 
Mdil^  oxides,  having  the  formula  W0„WO^.  For  thia  purpog«, 
ttmgState  of  ammonia  ih  dceompo^cd  in  a  clone  tube,  nr  a  bhidc  of 
line  is  plangcd  into  a  liquor  contaiiitug  both  tuiigatic  and  chloro- 
bydric  acids. 

TlTKaSTATES. 

§  1028.  No  salts  formed  by  a  cnmbinstion  of  the  oxides  of  tung- 
Eten  with  ftcidfl  arc  known,  while  tungstic  acid  han  been  obtained 
combined  witb  powerful  baiteH.  The  tangstateti  of  pota«ita,  sods, 
and  ammonia  are  soluble,  while  tliose  of  the  other  bases  arc  inso- 
luble. These  salta  are  eaj<ily  recognised  by  the  rcjtidnc  of  tungstic 
a<id  wliieh  they  leave  on  being  decomposed  by  acids;  but  in  order 
to  obtain  a  perfect  dceomposiition  it  is  often  ncccs^iurT  to  boil  the 
tsngstale  with  eoneentrated  acid.  Sulphurous  acid  docs  not  de- 
compose the  ialta  of  tnnpttcn,  and  they  aro  not  precipitated  by 
mlf liydrie  acid  and  the  alkaline  sulfhydrates. 

The  furmulx  nf  the  tungiitatcj)  of  putoK.'Ui,  Hoda,  and  ammonia, 
lined  by  dissolving  tung.<itic  acid,  prepared  in  the  humid  way, 

•lkalia&  aolatione,  arc 

K0,W0,-*-5H0,    NaO,^VO,+2HO,    (NH,H0),WO.. 

Tongstic  acid  appears  to  be  able  to  exist  under  several  raodifica- 
oorrwpondiiig  to  different  degrees  of  Mtturation. 
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COMPOUNDS  OF  TDNGSTBN  WITH  8CT>rin?R. 

1 1029.  Non-calcined  tongatic  acid  dissolves  readily  in  the  sulfri 
bvdrateB  of  the  alknUne  fiulphide»,  forming  eulpliotungstatcs  of  ual 
alkftltne  nulphido.  Tiy  adding;  an  acid  to  ttieso  snlutionB,  tulphi 
tungettc  acid  WS,  13  tlirown  down  in  a  brown  precipitate. 

SulpbotunpHtic  acid  ir  dccoinpo»cd  b^  brat,  leafing  as  a  reaidt; 
bi9uiphi(ie  cftunffitett  WS^  in  the  form  of  a  black  powder,  wliic 
maj  alHO  be  obtained  hv  distilling  1  part  of  tungntic  acid  vith  5 
C  times  its  weight  of  eiiipliije  of  mercury. 

COMPOUNDS  OF  TONOSTKN  WITH  CflLORIHB. 

{1080.  Metallic  tungsten  unites  directly  with  cliloritie,  with 
engRgcment  of  light ;  und  if  the  experiment  be  made  in  a  heat 
glass  tube,  trarcrscd  by  a  current  of  chlorin«,  the  cold  portious  > 
toe  tub«  become  covered  with  email  deep-red  needles  of  bieli 
of  tungsti*n  WCl^  which  is  very  fusible  and  volatile.     "Water  dc 
composi-d  it  into  binoxidc  of  tungsteu  wliich  is  precipitated,  an 
clilorohydrtc  acid. 

By  heating  eulphotungetic  acid  in  a  current  of  chlorine,  a 
chloride  of  tungsten  WCl,  is  obtained,  which  suhliuies  in  the  for 
of  small  rod  crystals.     This  cUoride  is  deoompoacd  by  Trater  int 
timgstic  ard  chlorohydnc  aoids. 

I?  gaseous  chlorine  be  passed  over  tungstic  acid,  smat)  Telloi 
needles,  of  the  formula  ^V  0,CI„  corresponding  iu  compuitition  t< 
chloroohroinic  actd  (§  884),  sublime  in  the  cooler  parts  of  tb«  tnbe. 

DETEBMIN.^TIOS  OF  TDKOSTEy;  Aim  ITS  SBP.UIATIOS  FIIOM  THB , 
METALS  PREVIOUSLY  STUDIED. 

§1081.  Tangsten  is  always  detonnincd  in  the  state  of  tuagstij 
acid. 

In  order  to  separate  it  from  other  metals,  either  the  insolubilit 
of  tunggtic  acid  in  ivatcr  aud  the  acidd,  or  its  aulubility  in  the  &lki 
lino  sulfhjdrates.  h  relied  on. 

The  itiHolubilily  of  tungstio  acid  in  dilute  adds  insores  its  W| 
ration  from  the  alkitline,  alkalino-earthy,  and  oarthy  metals,  m. 
mongaueae,  iron,  chrome,  cobalt,  nickel,  unc,  cndmium,  lead,  co( 
per,  mercury,  and  silver;  while  iu  solubility  in  auinioiiia  allows  iG 
reparation  from  iron,  chrome,  tin,  bismuth,  etc.    Lastly,  its  scpi 
ration  from  the  ntctuld  the  sulphides  of  which  are  not  solable  in  tl 
bulf hydrates ;  that  is,  fi-om  iron,  line,  manganese,  copper,  1« 
silver,  etc.  etc.,  is  effcclcd  ly  its  solubility  iu  the  alkaline  s« 
hydrates. 
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EQDXViaB.NT  =  40  (676.0 ;  0  =  100). 

$  1032.  MolvMeDQTn*  ts  olitained  bylieating  ui  a  porcelain  tube 
utj  oxide  of  the  mctnl  in  n  catront  of  bytirogCD  gfts ;  vhtrn  the 
moljbdeTium  remains  in  the  form  of  a  ar&y  powder,  which,  when 
bnmi^beil,  RXiiiiiiics  n  tnctsllic  histrc.  MolybiJcDUin  is  obtaiDcd  in 
ft  more  agfl;rcgatecl  form,  bj  reducing  the  oxide  in  a  "brasqutd" 
[Crwcible  in  a  forgc-firc  ;  and  if  the  tempemturc  be  raised  as  high  ag 
ttble.  Emnll  fused  nins^e?,  having  a  deiid  ailvcry  liuc,  and  tho 
rity  of  which  is  then  S.(i2,  are  eometirae*  obtained,  fllolybde- 
'^liBm  u  so  easily  oxtdiiahle,  that  that  obtained  by  reduction  by  hy- 
|drogea  in  entirely  conTcrted,  when  exposed  to  the  air  for  »ome 
tine,  into  a  brown  powder  of  tbe  oxide ;  and  by  beating  the  tuetal 
in  the  air  it  become!)  incandescent,  and  i»  transfonncd  into  molyb- 
die  aeid.  Chlorohydric  and  dilute  sulphuric  acid  do  not  attack 
tnolybdenum,  while  nitric  acid,  on  the  contrary,  acts  very  power- 
fully upon  it,  converting  it  into  molybdio  acid. 

coMrowDa  of  molybdenum  with  oxygen. 

5  1033.  Molybdenum  formg  three  componnda  with  oxygen  :  tho 
Dioxide  MoO  and  the  binoxide  MoO^,  wbicb  are  both  bases  tonii- 
Bslts ;  and  a  third  oxide  MoO^  which  is  an  acid. 
fotybdie  acid  }foO„  which  Is  the  most  important  compomid  of 
ilrbaentnn,  serren  for  the  preparation  of  the  othnr  combinations 
ihia  mrtal.     Molybdenum  iH  chieSy  found  in  iiuture  in  the  state 
'  sulphide  Mo?^  forming  gray  Bpangles  of  a  metallic  lustre,  and 
LnMRibling  native  graphite,  tike  which  Bubstanee  it  leaTeu  gray 
flBarlu)  on  paper.     It  occurs  in  tbe  granitic  rocks,  freiiucntly  ac- 
tacnpanying  ores  of  tin,  and  is  principally  found  in  Bonenda  and 
ii£iren«D.     AfWr  treating  tho  nnlphiilc  of  molybilcnmn  with  aqua 
[»egia,  which  eonvi-rta  the  sulpluir  into  sulphuric  acid,  and  the  mo- 
'lybd«tium  intu  molybdic  acid,  the  lir|uid  ie  evaporated  to  dryness 
tnd  the  ri'sidue  treated  with  amninnia,  which  dimolveit  the  molybdic 
«cid  during  the  evaporation  of  the  hquid.     Tho  molybdate  of  am- 
monia, wbidi  separates  in  erystalii,  Li  converted  into  molybdic  acid 
when  hcKlpd  in  the  air.     Molybdic  acid  may  uUo  bo  separated  by 
jKraring  chlorahydric  acid  into  n  solution  of  a  molybdate. 

Molyb<]ic  uc-id  is  a  white  powder,  which  sublimes  at  a  strong  red- 
Keat  in  white  crystalline  epangles;  which  opemtiou  can  be  well 
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performed  only  in  &  current  of  ga«.  Altbon^h  molrbdic  acid  ig 
very  frrbly  solttMc  in  vator  wlicii  freslilv  pr«cipilatod  by  an  acid* 
it  ri'iidiij'  <li<<iiulvos  ufter  crileination.  It  is  easily  soltible  in  the 
acids. 

Protoxide  of  molt/hdenum  MoO  ia  obtained  by  pouring  cbloro- 
liydrio  acid  into  the  solution  of  nn  alkftlino  molybdatc,  until  the 
mulvbdic  acid,  which  is  at  first  prccinitawd,  is  Tedissolved,  when  ft 
blade  of  Miic  19  pUingcd  into  the  liquid,  which  is  turned  hlaclc,  after ' 
passing  throuuh  the  shades  uf  blue  and  bronnisli-red  succe^slTely, 
Aramonift  is  tlien  carefnlly  added  to  the  \ic\xin\  containing  pnito? 
chloride  of  iiiolybdeuura  and  chloride  of  T.inc ;  and.  as  the  protojnde 
of  molybdenum  is  precipitated  first,  the  addition  of  ammonia  is  ar- 
rested as  soon  as  the  liquid  becomes  clouded.  The  precipitate 
ahould  he  washed  rapidly,  and  protected  as  much  as  possible  from 
the  air,  because  it  is  a  great  absorbent  of  oxygen. 

Binoride  of  jnoJt/liti'inwnMoO^i^  prepared  by  decomposing  inolyb-l 
date  of  ammonia  by  heat,  protected  from  the  air,  or  by  calcining  ftj 
mixture  nf  niolybrlalc  of  soda  and  snl-ammoniac.  This  oxide,  ared-|^ 
dipb-brown  crystftHine  powdor,  forms  a  red  dish -brown  hydrate,,] 
which  resembles  the  hydrate  of  scsnuioxide  of  iron. 

By  adding  ammonia  to  the  blue  liquid  obtained  by  partially  re 
ducing  by  sine  a  chlorohydric  solution  of  molybdic  acid,  a  bine  pre-^ 
cipitate  is  formrd,  whieh  is  a  saline  osido  residting  from  tho  com- 
bination of  inolytiilic  acid  with  llnoxide  of  molybdenum. 


8AIT8  FOItMED  DT  TIIB  OXIDES  OF  MOLTDDENtJM. 

§1034.  Both  the  protoxide  and  biaoxide  of  molybdeniun  for 
salts  by  combining  with  acids. 

These  two  clusues  of  salts  present  the  following  reactions: — 1 
alkalies  and  amnionia  yield  brown  prceipitates,  while  the  allcalii 
enrhonatcs  nlfurd  tlic  saiuv  coloured  prcoipitute,  which  disBolve 
in  a  largo  excess  of  the  carbonalc  of  ammonia.  Snlfhjdric  aoij 
precipitates  them  cumplelciy  after  some  time  as  a  black  dcpoait 
the  same  prectjnlato  ibciiig  formed  with  the  alkaline  sulfliydrataS'j 
in  an  excess  of  which  it  is  soluble.  The  salts  of  the  protoxide  ii 
part  to  their  solutions  a  brown  colour  spproacKiug  a  black,  whili 
those  of  the  scsquioxidc  produce  a  deep  red  colour. 

Molr/bdateg. 

5  10.^.1.  Molybdic  acid  forms  two  series  of  salts;  nr-utral  molyb- 
d&tea  RO.MoUi  and  limulyhdatM  KO,2MoO,;  the  former  of  which 
arc  obtained  by  dissolving  molybdic  add  in  an  excess  of  alkali,  nod 
tho  latter  by  boiling  a  solution  of  un  alkali  or  an  alkaline  carboDftte 
with  an  oxcoss  of  molybdic  acid.  The  bimolybdales  generally  ciyB- 
t&llize  during  the  cooling  of  the  liquid. 


VA3XADIVX. 


su 


COMPO0T«D3  OF  MOLYBDEKOM  WITH  CHIORINE. 

1 1036.  Mctftllio  molybdennm  combines  directly  with  chlorine, 
jieldiog  at  a  high  temperature  a  red  vapour,  which  condeoaes  in 
thff  form  of  crysuilf*  closely  resembling  trioBe  of  iodine.  Tho  for- 
mula of  the  chloride,  which  dtsdolve^  freely  in  water,  ia  MoCI,. 

A  protoehhrid^  uj  molyhJeKum  is  obtained  by  disiiolnag  the  hy- 
dratea  protoxide  in  chlorohydric  acid. 

By  pasBing  chlorine  over  bcateil  binoxidc  of  molybdonnm,  small 
•  ud  Tory  soluble  epaugles  are  sublimed,  the  foroiula  of  which  ia 
:  HoO,CI,  oorrcsponaing  to  chlorochromic  and  chlorotungstic  acids. 


VANADIUM. 

BQurvALENT=  68.6  (857.3  J  0  =  100). 

S  1037.  Vanadium*  is  an  e.xceedinglj  rare  metal,  found  in  very 
I  Bnall  qoaotitiM  in  certain  Swedish  iron-ores,  and  also  ocour- 
r  ring  in  the  Btat«  of  vntindalc  of  lead.  Varutiiium  in  obtained  by 
llbetting  vaoadic  acid  nith  potaosium  in  a  platinum  crucible;  when 
jactiTe  reaction  takes  place,  after  which  the  substance  is  treated 
['With  water  to  difl.iolrc  the  potasaa,  audi  the  metal  remains  in  the 
[form  of  a  black  powder.  It  may  also  T>e  prepared  by  decompuaing 
llloridc  of  vanadium  by  ammoniacal  gan  at  a  red^hcnt,  in  which 
'  it  presents  the  appearance  of  a  ilaky,  silvery-white  mass. 
1 1038.  Vanadium  formK  three  compoimda  with  oxj'gen:  the 
[protoxide  VO,  the  blnoxide  VO^  and  vanadic  acid  VO^ 

Vanadie  acid  is  readily  obtained  from  the  native  vanadate  of 

1,  by  heating  the  mineral  with  nitric  acid,  when  vauadtc  add  iti 

fwi  free,  while  nitrate  of  load  b  formed.     It  ii*  treated  with  water, 

1  which  leaves  the  vansdic  acid.    The  acid  is  dissolved  in  ammonia, 

[aad  the  vanadate  of  ammonia  cryKtallixed  by  tho  evaporation  of 

the  lif|uid,  aftur  which  it  is  converted  into  vanadic  acid  by  calcina- 

^tion    ia   the  air.     Vanadic   acid   in   an   orange-coloured  or  brown 

jwder,  nearly  insoluble  in  water.     It  ia  reduced  to  a  lower  degree 

[lof  oxidation  by  many  reducing  substances,  such  as  alcohol,  sugar, 

Wxalic  and  tmlpburout)  acid^t.     It  dissolves  tu  cold  cldurobydric  acid, 

vhile,  if  hrat  be.  applied,  chlorine  ia  disengagod,  and  the  solution 

I'BODCaimt  <!bloride  of  vanadium  VCI,.     By  pouring  carbonnte  of  po- 

[tuaa  into  thifl  solution,  hr/dratcd  binoxiJe  of  vanadium  h  precipi- 

I  tated  aa  a  gray  Haky  substance,  which  diitsolreti  readily  in  acidfi, 

wul  produces  cryatalUiutble  salts,  of  which  the  solutions  arc  blue. 


•  Tuuilinm  w»  divconTed  in  1S30,  b;r  M.  Sefitrom,  ■  Sweditb  chcinitl. 
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B/  liosting  vanadic  acid  in  a  current  of  bjdroeon  gas,  a  bl&< 
powder  of  protoxidf  of  vanmiium  VO  is  obtaiued^  no  saline  con 
pounds  of  wliicb  are  kaovm. 

If  a  mixtnro  of  ranadic  acid  and  clia.rcoal  he  heated  in  a  CUrreBt 
of  chlorine,  a  volatile  chloride  VCl,  is  formed,  which  condeiuee  u 
a  ^-(dlow  liquid.  It  hniljt  at  a  few  degrees  above  212**,  and  cxhaloaj 
copious  fames  in  the  lur. 


COPPER. 
Bqcivalert  =  31.7  (896.25;  0  =  lOO). 

$  1089.  Copper  has  been  known  from  the  earliest  times.  Alt 
it  eometimes  ocoora  in  the  native  state,  it  exists  more  frequently 
combiiintion  with  oxygen,  Rulphur,  or  amenic.     Some  salts  of 
oxide  of  copper,  chiefly  carbonates,  are  also  found. 

Some  kindi;  of  commercial  copper  are  nearly  pure ;  the  Riuinai 
oontainiDK  only  a  ti"ace  of  iron.     Native  copper  is  often  crjstal- 
lieed  in  the  form  of  nmatl,  regular  octahedrons,  which  form  it  al 
ftssomes  -when  precipitated  slowly  from  its  solutiona  by  gah-anio 
processes,  or  on  being  nllowed  to  cool  slowly  after  fusion  in  a  small 

Juantity  in  a  crucible,  the  liquid  portion  having  been  pouro*!  off- J| 
Ibeniically  pure  copper  is  obtained  by  reducing  pure  oxide  of  copH^f 
per  heated  in  a  tube  bv  means  of  hydrogen,  the  reduction  takio^jH 
place  at  a  teraperaturo  oelow  a  red-heal,  and  leaving  the  metal  la  " 
the  form  of  a  red  powder,  which  assumes  a  brilliant  metallic  luatro 
under  the  bumiahcr. 

Copper  has  a  charactoristie  rod  colour,  and  becomes  traospareii 
when  reduced  to  a  very  thin  pellicle;  in  which  case  it  displays,  bl 
transmitted  light,  a  beautiful  gr^n  culour.    Coppery  pellicles  suit 
able  for  tbo  experiment  arc  obtained  by  reducing  by  hydrogen,  in  J 
heated  glass  tube,  a  small  qniintity  of  oxide  or  chloride  of  co}i|)i-r . 
fibcn  a  very  thlu  layer  of  tuetalhc  copper,  which  displays  a  red 
colour  by  reflected,  and  a  beautiful  green  by  iranwuitted  light,  ii_ 
dopoaited  in  certain  purls  of  the  tube.  ^^ 

Copper  possesses  a  sufBcicnt  degree  of  niallesbility  to  allow  ita 
being  IiamDiered  into  thin  sheets  or  drawn  otit  into  very  fine  wire; 
and  at  the  same  time  is  oonaiderably  tenacious,  im  it  rct^ulros  a 
weight  of  140  kilog.  to  break  a  wire  of  2  mm.  in  diameter.  The 
density  of  copper  varies  from  8.78  to  8.0G,  according  to  the  greater 
or  less  degree  of  iiggregation  it  has  received  during  tt»  manufneture. 
By  rubbing,  copper  acquires  a  dtBagrceuble  smi-ll  and  a  peculiar 
taste.  It  fuses  at  a  strong  red-Lcat,  and  at  a  white-heat  gives  off 
vapours  which  bum  with  a  green  Same  in  the  lur. 


COMPOUNDS  OF   COPPER   WTTH  OIYOEN. 


m 


At  the  onlinary  temperature  copper  doea  not  oxidise  in  drf  ur, 
'bat  aoon  changes  in  n  moist  atmoHphere,  especiftlly  if  acid  Tipours 
be  preeent,  becoming  covered  yfiih  a  fp'een  aabetance  commonly 
called  verdu}rit.  A  blade  of  copper,  moistened  by  an  acid,  and 
«xpOflod  to  the  nir,  combiner  with  ttie  oxygen  of  tho  nir,  and  first 
Inoes  a  neutnti  i^alt,  which  after  some  time  is  converted  intu  a 
mit.  A  blade  of  copper  also  oxidizer  in  the  air  when  mnLit- 
vith  an  ammoniacal  solution;  and  dilute  solutions  of  sea-sulc 
ittnclc  copper  rery  poworfiilly,  while  concenirated  solutions  oxort 
lees  influence  on  it  Copper  decoropoaee  aqueous  vapour  at  n  strong 
triut^beat,  while  hydrogen  gas  is  disengaged.  A  concentrated  so]n> 
tion  of  chlorohydric  acid  attacks  finely  divided  copper  with  disen- 

Sgcmpnt  of  hydrogen,  while  it  Hcarc«ly  alfecls  the  metal  in  a  soUd 
■m.  Copper  does  not  decompose  water  in  the  presence  of  pow- 
erful acid.<t:  concentrated  sulphuric  acid  diaKohcs  it  with  disongage- 
mcAt  of  sulphurous  acid ;  and  it  dittsolvos  readily  in  cold  nitric  acid 
of  any  degree  of  concentration,  with  dtiscngsgcmcnC  of  dcutoxido  of 
nitrogen. 

COMTODITDS  OF  COPPER  WITH  OXYOEN. 

§  1040.  Copper  forma  four  eompounds  with  oxygen  : 

1.  The  suhoxide    Cu,0,*  or  red  oxide. 

2.  The  protoxide  CuO,  or  bl&clc  oxide. 
8.  The  hinoxide    CuO^ 

4.  Cnpric  ncid,  the  compoRltion  of  which  is  not  yet  known. 

The  first  two  compoimds  arc  basic,  and  form  well-defined  and 
crystallixable  saltM,  white  the  tliird  is  an  indifferent  oxide;  and 
lastly,  the  fourth  is  an  acid. 

Suboxide  of  Copftr  Cu^O. 

Soboxide  of  copper  'n  found  lu  nature  in  masses  of  a 
Irad  ooloBT,  peSDCstfing  ucvmtionally  a  vitreous  loatrc,  and 
tometiroea  consisting  of  beautiful  red  cryituls.  It  may  be  obtaiited 
•rtiScially  by  several  processes : — let,  by  heating  in  an  eartlMlt 
crucible  equivalent  parts  of  black  osiJe  of  copper  CuO  and  finely 
powdered  metallic  copper;  which  mixture  aggregates  when  fusodtt 
a  liigh  temperature ;  2d,  by  heating  in  a  crucible  a  mixture  of  chlo- 
ride of  copper  Cu,Cl  with  carbonate  of  twda,  and  thon  treating  tho 
Bobstancc  with  water,  which  iliasolveit  the  chloride  of  sodium  and  ox- 
eeM  of  carbonate  of  soda,  leaving  the  suboxide  of  copper  in  tho 
form  of  a  deep  red  crystalline  powder ;  Ud,  by  adding  to  n  Hulution 
of  a  salt  of  copper,  for  example,  the  sulphate  CuO,SO„  sugar  and 
potusa,  until  the  oxide  of  copper,  which  is  at  first  precipitated,  is 


*  The  SUM  of  jvrMOEHb  of  wpptr  u  orten  gifm  t«  the  tuboiide  CugO,  «iid  that 
•f  UitM*U  ^  *<9V^  to  t^D  oiido  CuO.  We  ekall  n«t  adopt  tliU  nameDolAtim 
btcaBM  It  dm  DDl  »fr«e  witb  that  irbich  wt  ttbTc  tbiu  f«r  adopted. 


COPPER. 

rcdissolvcd,  nnd  by  then  boilinj;  the  liquid ;  when  suboxide  of  copper 
isdepoeitc<I  id  the  form  of  small  bright-red  cryotais. 

Hjdratod  suboxide  of  copper  is  obtained  by  adding  patA8«a  to  h 
solution  of  protochloride  of  copper,  in  the  form  of  &  yollow  powder, 
vbich  soon  nlxsorhs  oxygen  from  tbe  air,  and  which,  when  dried  in 
Tacuo,  presents  the  formula  lCu,0+IiO.  ilydr&ted  suboxide  of 
copper  dissolves  in  amnionia  without  colouring  the  li<|uid.  but  by  its 
rapid  absorption  of  oxy;:cn  from  the  air  soon  changes  the  colotir  of 
the  solution  to  a  beautiful  blue. 

Suboxide  of  copper  imparts  a  beantiful  red  colour  to  fliaes  (§  702). 
Wlipu  bested  wicli  concentrated  acids  it  Is  generally  dccompotscd 
into  protoxide  of  copper  CuO  which  disaolvcs,  and  moiailic  copper 
Vrbiofi  is  separated. 

Protoxide  of  Copper  CuO. 

^VMt2.  Ou  healing  metallic  copper  in  the  air,  its  surface  first 
becomes  covered  with  suboxide  Cii,0,  which  Piihsetiaently  cbnng«s 
into  the  black  oxide  CuO.  Althou;;h  protoxide  of  copper  is  often 
prepared  by  roastini;  copper  turnings,  or  better  still,  the  very  finely 
divided  cupper  ivhielt  reuiuiiis  ufter  the  calciiifttioD  of  the  acetate 
with  nccess  of  air,  it  is  obtained  nioro  readily  by  dceompoRing  the 
nitrate  bj  lieat,  when  tlic  o.xide  remains  in  the  fu'rm  of  a  black  pow> 
der,  which  rapidly  condenses  the  moisture  of  the  atmosphere. 

Wtieu  cattstic  potuSMi  is  poured  into  the  eulution  of  a  protosalt 
of  copper,  a  pravisb-Hue  precipitate  of  hydraled  protoxide  is  formed, 
the  water  of  which  is  readily  driven  off  by  heat :  it  suffices  to  boil 
the  Kolution  iu  which  it  bus  been  preetpitBted  to  convert  it  into  a 
black  powder  of  anhydrous  oxide.  Hydrated  protoxide  of  copper 
dissolves  in  ammonia,  producing  a  solution  of  u  slightly  purple-olne 
ooloor,  called  celestial  teater. 

Heutoxide  of  Copjto'. 

,  S1048.  This  oxide  is  prepared  by  treating  the  hydrated  prot- 
Oldde  of  copper  with  oxygctintcd  water,  when  the  blue  matter  is 
changed  into  a  brownish -ye  How  substance,  from  which  a  slight  elo- 
Tfttioa  of  temperature  vn«ily  abstracts  ouo-half  of  its  oxygen. 

Caprie  Acid. 

%  1044.  An  intimate  mixture  of  very  finely  divideiJ  copper,  po- 
tiwia,  and  niti'e,  heutcd  to  reduc&s  uud  then  treated  witli  water, 
yielili;  a  blue  solution  wliJch  appears  to  contain  a  combination  of  an 
oxide  of  copper  containing  mure  oxygon  than  the  preceding  with 

Eolsssa.     This  compound,  however,  is  so  evanescent  that,  if  the 
qtiid  bo  heated,  oxygen  is  disengaged,  and  the  copper  is  precipi- 
tated in  the  state  of  black  oxide  CuO. 


BALTS  FORMED  BY  THE  SUBOSIOE  OP  COPPBB  Cii.0. 

J  1045.  Tlio  8aiw  of  ibe  suboxide  of  copper  are  oblained  by  dil-' 
solring  bvdr»tctl  suboxide  in  dilute  acids,  vToicb,  when  they  are  con* 
oeatratci^  docompose  tbe  suboxide  into  metuUic  copper  wuiuh  sepa- 
ralw,  ftitd  protoxide  which  combiners  with  tbc  ncids. 

A  Muhtitipkite  of  copper  Cu,0,SO,,  is  prepared  bjr  decompoaing  a 
Boiution  of  protoaulpnate  of  copper  CiiO,SO,  by  •  Bolution  of  eiU- 
pbitc  of  »odtt,  wbeo  an  orange  precipitate  is  formed  wliicL  is  con- 
Torted,  by  boiling,  into  a  red  crystallino  powder. 

When  acetate  of  copper  is  diatillcd,  a  amall  quautity  of  n  white 
sublimate,  coni«istiTig  ci  gub-aeetate  of  copper,  is  found  iu  the  upper 
part  of  tlie  retort. 

The  soluble  gubsaltn  of  copper  produce  colourlesw  solutions,  from 
wbicb  ulkdlivs  tlurow  dowu  aa  orauge-ycUow  precipitate.  Ammo- 
nia gires  the  same  reliction,  but  an  exceAH  of  tbe  reagenc  redlfutolven 
the  pcecipitate,  producinf;  &  colourless  liquid  irbich  soon  tuma  blue 
in  the  air.  Sulf  hydric  acid  throws  down  a  black  precipitate  of  these 
salt*,  for  the  study  of  whose  reactions  the  subchloride  CuCl  is  ex- 
actly suitable. 

SALTS  FORMED  BY  TIIE  TBOTOXIDE  OF  COPPER  CwO. 

f  1046.  These  ealts,  which  are  obtained  by  dissolving  protoxide 
of  copper,  or  iMsner  still,  ita  hydrate  or  it«  carbonftte,  in  iLcid.",  are 
Woe  or  green,  when  tht?y  contain  water  of  crrsUllization,  while  in 
tito  anhydrous  Htalc  tbey  are  of  a  dirty  white,  when  tbc  acid  is 
colourless,  and  their  solutions  are  blue  or  green.  They  extiibit  the 
following  ohanicteristic  reactions : 

Caustic  potaosa  and  soda  yield  a  grayiah-blue  precipitate  of  hy- 
dralcd  protoxidn,  which  is  conrerted  into  a  brown  precipitate  oy 
boiling.  The  blue  precipitate,  wtiich  is  insoluble  in  weak  aUcaline 
Ikjoidx,  dissolves  with  a  blue  colour  in  the  latter  when  they  arc  con- 
centrated. 

AmmoDia  tbrows  down  the  same  precipitate,  while  an  cxccaa  of 
the  reagent  dissolves  the  precipitate  and  produces  a  beautiful  blue 
ralution,  which  then  contain.1  a  double  salt  of  copper  and  ammonia, 
from  which  caostio  potassa  precipitates  oxide  of  copper. 

Sutf  bydric  acid  and  the  sulf  hydrates  throw  down  bhick  precipi- 
tUM,  wnidi  arc  iwioluble  in  an  exceas  of  sulfliydrutc. 

Pniauiate  of  pouah  forma,  with  protosalta  of  copper,  a  chestnut- 
brown  precipitate,  which  assumes  a  purplish  shade  when  tbt>  precipi- 
tate; 13  very  weak.  The  test  is  a  rery  delicate  one,  and  will  detect 
tbe  presence  of  the  smallest  4)uantitiea  of  copper  iti  a  tralutiun. 

Irun  and  zinc  precipitate  metallic  copper  in  tlie  form  of  a  brown 
powder,  whidi,  when  burnished,  a^isumes  the  metallic  lustr«  and 
unUnary  appcaraDee  of  copper. 

Frotoxiae  of  copper  turns  borax,  and  in  general  all  vitreous 


OOPPBR. 


flaxoB,  grocn.  If  the  class  bo  heated  in  the  redocing  portion  of 
tlic  fluUK-s  it  iLcquirbs  &  tHiautlfuI  rol  colour,  produced  b;  the  reduc- 
tion of  the  protoxide  of  copper  CiiO  into  the  suboxide  Cu,0. 

Sulphate  of  Cupper. 

§  1047.  Sulphate  of  copper  is  found  in  commerce,  where  it  i* 
knoini  by  the  name  niUue  vitriol,  in  nbicb  state  it  gcnorull^  con- 
'  tains  variable  quantities  of  Hulphate  of  iron.  It  may  be  obtaiiieJ  in 
ft  state  of  purity  by  troatinp  copper  of  the  first  quality  with  eul- 
phuric  acid  diluted  with  oue-lialf  its  weight  of  nuter ;  when  sulphur- 
ous acid  is  discngegcd,  and  sulphate  of  copper  is  formed  which 
ooDtuos  only  a  trace  of  sulphate  of  iron.  It  a  evaporated  to  clry- 
noBS,  and,  toward  ttie  close  of  the  ev»poratioD,  n.  few  drops  of  nitric 
acid  arc  added,  which  convert  the  iron  into  Bcaquioxido.  By  dis- 
Mlring  it  in  water  the  greater  portion  of  tho  iron  remains  in  tlio 
■state  of  an  unhydrous  biiaic  BcmiuiHulpiuitc ;  when,  after  buittiig  the 
liquid  with  a  small  quantity  of  the  hydrate  or  carbonate  of  the 

Erotoxidc  of  copper,  which  precipitates  the  least  traces  of  iron,  tho 
quoT  is  crystallized. 

Sulphate  of  copper  ts  soluble  in  4  parts  of  cold  and  2  parte  of  boil- 
ing water,  and  cryslallizca  at  the  ordinary  temperature  in  beautiful 
Wne  crystalfl,  which  belong  to  the  sixth  system,  and  of  which  ihc 
formnU  is  CuO,SO,  +  5II0.  Tbey  are  isomorphous  with  those  pro- 
duced by  protesulphato  of  iron  when  crystallized  at  a  (omporaturo 
of  about  40*,  and  which  likewise  contain  6  eqiuv.  of  water.  Wheu 
these  two  KulnliBtos  arc  mixed  together,  and  tho  compound  solution 
IB  oryetalliitca,  crystals  are  deposited  containing  tht-  two  sulphates 
in  different  prnportions,  aceording  to  the  respective  quantities  of  the 
6atts  in  the  Holutiuii.  A  crystal  of  Hulptmte  of  copper  may  even  bo 
'  made  to  grow  at  pleasure,  in  a  solution  of  sulpliate  of  iron.  The 
crystal  then  iucreaacs  by  the  siipurudditioQ  of  layers  of  sulphate 
of  iron,  which  are  easily  dlstiuguished  by  their  colour.  The  some 
crystal,  suspended  in  a  solution  of  sulphate  of  copper,  becomca 
covered  with  layers  of  this  latter  sulphate,  without  any  remarkable 
change  in  its  external  appearance. 

Sulphate  of  copper  readily  parts  by  heat  with  4  eqniv.  of  water, 
but  retains  the  fifth  with  more  tenacity.  It  is  entirely  decompofied 
at  a  high  temperature,  into  oxide  of  copper  which  remains,  and  a 
mixture  of  sulphurous  acid  and  oxygen  which  is  diacngaged. 

Sulphate  ot  copper  is  manufactured  in  various  ways;  and  a  cer- 
tain quantity  of  this  salt  is  obtained  in  copper  furnactis.  When 
flulpburottod  copper  ores  or  cupreous  matbs  are  rotisteil,  an<]  tho 
roasted  matter  is  sprinkled  with  water,  a  curtain  quantity  of  the 
aulpbatea  of  iron  and  copper  is  dissolyed,  and  separates  by  crystal- 
lization. The  sulphate  of  copper  thus  obtained,  always  conbaina  % 
laree  proportion  of  sulphate  of  iron. 

Large  ijuantitica  of  sulphate  of  copper  arc  manufactorod  Irom  the 
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wppftt  Bliwitliing  of  nhipa  which  has  boon  rendered  umIms  hr  tie- 
corrosirc  a«tioii  of  salt  water.  The  copper  is  hciti-d  to  n  dtilf  red- 
heat  in  n.  TOTprberfttory  farnaoe,  uid  sulphur  thrown  in,  tho  doors 
of  lh<^  fui-nac*  being  preTiooaly  oIoMd.  ■when  the  siitphur  nttucks 
the  gorfftce  of  the  copper,  covering  it  with  i^ulphide  of  copper  Cii,8, 
after  vtiich  it  is  roasted.  And  air  allowcil  to  enter  the  fumuce  fr^'uty . 
A  portion  of  t1ie  sulphur  in  then  duen^agod  in  the  state  of  sulphur- 
ous acid,  wliile  another  portion  changes  into  sulphuric  acid,  and 
forma  a  Imsic  prolosulphale  of  coppf-r,  T\ic  nalpluitized  shwts  are 
Ihen  plficod  in  !.-ir^e  boiI<>r8  filled  irith  water,  to  which  a  certain 
cjnantitr  of  Kttlplmric  acid  had  ht-en  mlded,  when  neutral  prutoaol* 
phate  of  eonper  di^sotveg,  and  h  crystal li/c'd  bv  ovuporatiun  b8  boor 
as  the  liquid  contains  u  suflieieiit  )|unDtity  ot  it.  This  prooesB  i» 
repeated  luitil  the  sheeW  of  copper  hnve  disappeared. 

Lar^  aiiantities  of  antphnte  of  c(i|>pcr  have  Iteea  obtiuncd  in  tli« 
refining  ot  old  silver  coin,  ns  we  nhnll  mention  hereafter. 

If  sulphate  of  copper  he  di»<>olved  in  a  hot  solution  «f  ntnmonia, 
ft  benatiuil  blue  noliirinn  is  ohtaine^l,  vhich  dcpaiitD  on  cooling  <1eep 
blue  crvgtalf,  the  ompoaitioii  of  which  13  represented  by  the  formali 
C.iO.Sb,  +  2NH,+  I10. 

By  digesting  hydrated  o\ido  of  copper  with  a  siolntion  of  proto- 
snlpnjtte  of  copper,  a  green  powiler,  conKiating  of  a  hydnited  basic 
gnlphaie  of  copper  Cu(),SO,+2ChO+SH0  is  flhlEiiicd.  Analo- 
gooa  basic  sulphjites  are  prrripitated  when  solutions  of  stdphnte  of 
copper  are  ineomplelcly  pret-ipitntcrt  by  the  alkalies. 

Sulphate  of  copper  formHwith  the  nlkaVine  siilplintcs  double  &alt8 
vhieb  are  readily  eryBlaUizable,  and  also  produces  double  sulphates, 
of  Tarious  proportions,  with  tho  sulphate  of  magnesia,  and  with 
tboM  of  the  protoxidea  of  iron,  zint,  nickel,  etc..  which  are  all  ino- 
morphoii?.  These  double  sulphates,  crystallixcd  at  the  ordinnty 
letnprraiore:,  contain  5  ciiuiv.  of  w:iter  when  the  Molphalc  of  copper 
predofni nates,  and  7  oquir.  of  water,  on  the  contrary,  when  the 
other  mrtnllie  sulphate  ia  prtviuling,  lu  lioth  cascri.  the  sulphates 
ore  iBomorphous  whonover  they  contain  the  same  quantity  of  water. 

•  Nitrate  of  Copper. 

f  1048.  This  Rait  i»  prepared  by  diseolving  copper  in  dilute  nitric 
acid,  when  the  liquid  yields  on  eyaporation  beautiful  hlne  crystab, 
which  cuntnin  S  or  C  equiv.  of  water,  according  to  the  tempctatnro 
at  wliich  the  crx-stallizaiion  has  been  effected.    It  is  n»ed  in  dyeing. 

The  inlluencc  of  heat  ehanges  nitrate  of  copper  into  the  green 
banc  nitraie  4CuO,NOj,  and  Hubscqucntly  deeomposes  it  at  a  more 
elevated  tcmpcmturc,  leaving  protoxide  of  copper.  The  same  basic 
nitrato  is  obtained  by  precipitating  tho  neutral  nitrate  of  ammonia. 

Carhonaten  of  Copper. 
5  10-19.  By  adding  a  Bolution  of  nn  alkaline  carbonate  to  a  soln- 
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tion  of  sulphate  of  copper,  a  Wifihi  blue  goUtinons  precipitate  ia 
obtained,  wbich,  after  some  time,  clianges  into  a  arvcn  powder,  the 
composition  of -which  ia  represeuloti  by  ihofotmuliiliCuO.CO.+HO; 
the  blue  geUtinnuit  precipitate  nppcnring  to  difTcr  from  it  only  in 
containinfc  more  water.  By  boiling  the  liquid  with  ilie  pnwipitate, 
the  latter  ia  convortrJ  into  n  browii  powder  of  aiihydrous  protoxido 
of  copper.  Tlie  green  carbouute  of  copper  is  nsed  in  oil-painting, 
under  the  name  of  mineral  green. 

A  bydrocnrbonalo  of  copper,  of  the  formula  CuO,CO,+CuO,HO, 
called  malachite,  ia  found  in  nature  in  the  form  of  green  concrete 
ma«sc8,  vrhlch  are  oflen  very  compact  and  of  considerable  sixe,  and  are 
£uhioned  into  ornamental  objects,  sm^h  as  vasca,  shafts  of  columns, 
and  table  and  chimney  tops,  which  are  of  great  value.  When 
polished,  they  display  veins  of  different  shados  of  colnursi,  which  are 
produced  by  the  mamniillary  5trucnire  of  the  material,  and  impart 
a  Torv  beautiful  appearance  to  the  polished  surfaces^  Aialachilc  is 
sufficiently  abundant  in  Siberia  to  be  worked  aa  an  ore  of  copper. 

Another  hydrocarbon ato  of  copper,  of  ivhioh  the  formola,  is 
2CuO.CO,-fCuO,HO,  and  which  yiclde  fine  Vine  crjatalB,  alao 
occum  in  nature,  which  substance  existed  in  gn>at  abundance  in 
the  mines  of  ChesPT,  near  Lyons,  where  it  was  long  smelted  aa  an 
ore  of  copper.  When  finely  powdered  it  is  of  a  beautiful  b1o« 
colour,  in  which  etale  it  is  u£cd  in  the  manufacture  of  coloured 
walUpaper,  and  is  called  mountain  Hut,  or  native  blu«.  aihe*^  (bleu 
de  montapne,  or  cendren  blcues  naturelles.)  Artificial  blue  athet^ 
of  a  more  brillinnt  shade  than  tlie  native  product,  arc  made  in  En- 
gUnd,  by  a  proccHH  which  is  kept  secret. 

Artenite  of  Copper. 

%  1050.  Arsenite  of  copper,  wbich  is  used  in  oil-painting,  under 
the  name  of  ScheeU'M  ^reen,  ia  prepared  by  dissolving  3  kilog.  of 
carbonate  of  potausa,  and  1  kiloj;.  of  arsenious  acid  in  14  litres  of 
water,  and  pouring  the  nolntion,  by  nmal!  quantities  at  a  time,  into 
a  boiling  solution  of  3  kiloj^.  of  Hulphate  of  copper  in  40  litres  of 
water,  tbe  i^olutiona  being  stirred  ctm^tantly  during  the  precipita- 
tion. The  shade  of  colour  is  modified  by  varying  the  proportions 
of  arsenious  acid. 

SiUeatet  of  Copper. 

§  10£1.  By  means  of  fnainn  the  oxide  of  copper  combinet  ia  all 
proportions  with  uilicic  acid,  forming  green  vitreous  8ube(anc«a.  A 
cryslallixcd  silicate  of  copper,  called  dioptanF.  by  mineralogista,  is 
found  in  nalorc,  and  presents  the  formula  3CuO,liSiO,+3I10. 

Acetates  of  Copper. 

§  1052.  By  dintolving  protoxide  of  copper  in  acetic  acid,  a  ^ 
liquid  ifi  obtained,  which,  when  evaporated  at  a  proper  temperatBre, 
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Tbe  ralpliide  of  eapipet  CoS  iiiiiin>n»JlBg  to  Ae  protozaA»  OaO 
eatuiot  be  jHvpared  bj  the  hsnd  ^vji  I7  deeoapodng  the  sotolMB 

of  a  protoaalt  of  copper  bj  nlfbjiinc  aod  or  a  solfbjdrate,  as  the 
i  black  jiovder  thna  cMaioed  aooo  diaiigca  in  the  an*.     Id  analjaea, 

it  10  necessary  to  wadi  h  with  water  oonbuoag  a  small  qaaatilj  of 
'  solf  bj^c  add.     The  snlpbule  of  copper  CnS,  vhen  b«at«J.  pailtf 

rea>diry  witli  cue-half  of  ita  sulphur,  asd  u  ooDTerted  into  tbo  sulphtdo 

CoiDpoiindft  of  nilphide  of  copper  (XB  and  sulphide  of  iron  F«^, 
in  very  Tarioiu  proportions  are  found  in  nature,  constituting  mint^ 
rals  wni^  are  called  copper  pifrita,  pyriu>u$  eopptr,  and  varitgatf*i 
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capper^  acoonling  to  their  ext^nisl  mincrnlo^ciil  characters,  vhich 
Frequcntljr  agree  with  their  chemical  oompmition.  Tlicsc  mincTEils 
are  very  important,  as  tliejr  are  the  most  commoii  ores  of  copper, 
and  ftmiish  the  luteal  proporLlou  of  this  metal. 

COMPOTTSP  OP  COPPER  WITH  AESENIC. 

§  1054.  Copper,  heated  in  a  vapour  of  arsenic,  combines  r««dily 
vith  a  flmall  nnnntitj  of  this  substance,  becoming  white  and  Tory 
brittle;  but  hitbertu  no  definite  compound  of  tbea«  Bulstabces  ku 
been  obtniocd. 

COMPOtrSD  OP  COPPER  WITH  PHOSPHORUS 

§  1055.  A  gray  and  verr  brittle  phosphurot  of  copper,  cnntain- 
faig  about  20  per  cent,  of  phosphorus,  is  formerl  when  very  finuly 
dividod  copper  is  heated  in  the  wpour  of  nhaiphariui.  A  definite 
compound  of  copper  and  phosphorus  Cu,Pl)  is  obtained  by  decoia- 
poeing  neutrnl  pho^hate  of  copper  by  hTdrogcn  at  a  low  tempera- 
tore.  PhoMphunti*  of  copper  arc  abo  obtained  by  the  humid  way, 
by  paeeiug  a  current  of  phosphuretted  hydrogen  gaa  through  a  solu- 
taOD  of  nuphatc  of  copper. 

COMPOtTKD  OP  COPPER  WITH  NITROGEN. 

S 1056.  A  Ditride  of  ci^pcr  of  the  formula  Cu,N  is  obtained  by 
bnCiDe,  at  a  temperature  of  509°,  oxide  of  copper  CuO  iu  a  cor- 
Tva/t  of  diy  amraoniitcnl  gn»,  when  the  gabetance  is  treated  with  & 
solution  of  ammonia,  which  dieeolvce  the  oxido  of  coppvr  in  excess. 
Kitrido  of  copper  in  »  deep  greon  powder,  which  is  easily  decom- 
posed by  beat,  with  a  slight  exploaiun, 

COMPOUND  OP  COPPER  WITH  irTDBOGEN. 

%  1057.  A  compound  of  copper  with  hydrogen  is  obtained  by 
licating,  at  a  temperature  of  1.58°,  a  aolution  of  sulphate  of  cupper 
Tith  hypopliosphoroiis  acid.  The  hydride  of  copper  ihu?  prepared 
ia  bytlratcd,  and  forms  a  tiHght  browu  powdc^r,  wliich  sudUcufy  do> 
compoises  (it  about  140*  inio  metallic  copper  and  hydrogen  gas, 
ithich  is  disengaged.  ChloroLydric  acid  tlcoumposes  it,  forming 
prutoublorido  of  copper,  while  the  hydrogen  is  set  free. 

COMPOCNDS  OF  COPPER  WITH  CULOBINB. 

$1058.  Two  compounds  of  copper  with  chlorino  are  known:  the 
first  COfCl  eorreflponds  to  the  suboxide,  while  the  s4>C0Dd  CuCI  cor- 
responds to  the  protoxide. 

Suhchhride  of  copper  Cii  CI  is  obtained  by  boiling  a  solution  of 
protochloridc  of  copper  CuCi  with  Tery  finely  dirided  metallic  cop- 
per, when  the  colour  of  the  liquid  changes  from  green  to  brown, 
whUe  white  cryatalline  chloride  of  copper  Cu,Cl  is  soon  deposited. 
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The  chloride  is  also  obtainct!  by  dcoomiKwiRg  the  protocTiloride , 
CuCI  hy  ht'iit,  tbp  Utter  parting  witlt  ono-tialf  of  its  rhloritir.    The  I 
protochlorido    CuCl   may  be  reduced  to  the  state  of  snhflilorido' 
Cu,Cl  by  pouring  protocaloride  of  tin  into  a  itolutinn  of  protochlo- 
ride  of  copper,  the  decomposition  taking  place  in  the  cold,  vhile 
chlorohj^ric  acid,  which  prevent«  the  precipitntJon  of  the  oxide  of 
tin,  is  added  to  the  li^nid.     The  chloride  Cu,CI  maybe  obtainedl 
CXTrstnlliird  in  smiill  tetrahedron*  by  (liMiotving  it,  ajtHiiiled  by  bent, 
in  cbloroliydrio  ticid.  when  the  chloride  is  deposited  during  the  cool-  ■ 
log  of  the  liqtiid. 

Chloride  of  copper  Cd,Cl  fueoa  at  s  temperature  of  about  T-'iS*, 
ant]  volatilizes  at  a  rcd-Iicat.     It  in  very  »!ightly  soluble  in  water^ 
but  dissolves  more  freely  in  chlurohydric  acid,  and  partictdarly  ini 
oramonin.     It  soon  alters  in  Ibe  air,  and  is  converted  into  a  green 
powder  con;*isti)ig  of  a  c»jni(wund  of  hydrated  oxido  of  copper  CuO 
sad  protochlortdc  CuC'I.    lii  conscqueucc  of  the  aflinily  of  tbiseab-j 
stance  for  oxygen,  it  in  frequently  used  In  eudlometric  aaalyst-s,  and^ 
g«ncrsllT  in  the  form  of  solutiou  in  ammonia. 

Suhcaloridf  of  copper  CuCl  is  obtained  by  dissolving  the  proU 
oxide  CuO  in  cblorohTdric  acid,  or  by  diawlving  metallic  copper  in 
aqua  rcgia.  The  chloride  is  very  »olablc  in  wat^-r,  and  (.Tymallizes 
on  cooling  from  a  conccntriiled  tiolution  in  the  form  of  long  bloidh- 
green  nc^^lles,  of  which  the  formula  is  CiiCl  +  2110. 

TIuH  chloride  i^  prepared  in  the  anhydromt  state  by  slightly  heat^^ 
iog  copper  in  an  excels  of  chlorine-,  when  a  yellowish-brown  com-  ■ 
pound  is  obtained,  wbicli  evolves  chlorine  when  heuletl  to  a  dark 
red-beat,  and  is  converted  into  the  chloride  Ca.CI.     The  ebloride 
dinsolveei  readily  in  alcohol,  and  imparts  to  it  the  (|uuUty  of  burning* 
with  »  beautiful  green  Qame. 
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DBTE£UIS.iTION  OF  COPPER,  AND  ITS  SEPARATIOS  rBOM  THE  WETAlfi 
PRBVIOVCLY  DESCRIBED. 

(1059.  Copper  ig  determined  either  aa  anhydrous  protoxide  CuO 
or  in  the  raotallic  etate.     When  copper  cxi^Ui  atone  in  a  liquid,  it 
ia  nrecinitated  by  caustic  potassn,  after  which  the  liciutd  should 
boiled,  uecuui^e  the  hydrated  protoxide  ia  then  changed  into  an  at 
IijdrDas  oxide,  which  is  more  easily  washed  :  the  oxide  t»  weighe    ^ 
aher  being  calcined  in  the  aii-.  Copper  is  frequently  precipitated  hy 
u  blade  of  iron  or  zinc,  and,  if  it  is  to  be  weighed  in  thinttate,  must' 
b«  n|HdIy  wubed  with  boiling  water  and  dried  excluded  from  the  nir, 
from  which  it  promptly  absorbs  oxygen.     AViien  copper  in  precipi- 
tated fiwm  its  solutions  by  sulfbydrie  acid  gas,  the  precipitate  must  j 
be  washc*!  with  water  charged  with  Rulf  faydric  acid,  while  the  lilt 
on  which  the  enbstance  has  been  collected  must  be  culeiucd,  and  tlu 
whole  dissolved  in  aqua  regis,  from  which  sohition  the  copper  ia  then'' 
precipitated  by  caustic  potassS. 
v3 
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Copper  i*  v*ry  acccuTfttelT  deterininod  by  the  following  pro* 
UB«d  iu  the  analyais  of  many  cupreoiis  sHhaianccs: 

Tb«  Bubctiibcc  leiitg  diaeoU'eu  iu  uu  acid,  an  excess  of  nmmonU 
u  added  to  it,  wbicb  redis^olves  the  oxide  of  copper,  fonninc  a  blue 
solution,  rcmftrkable  for  ita  ^eat  colouring  power.  A  standard  so- 
lution of  sulphide  of  Hodium  13  poured  into  theticiaid  from  an  alkali* 
tiiefcr ;  when  the  copppr  is  precipitated  iti  the  state  of  an  oxynul- 
phidc  of  the  formula  CiiO,5CuS.  By  careful  manipulation,  the 
momoDt  at  "which  the  copper  is  entirely  precipituted  may  be  exnctly 
ascertained,  a»  the  reaction  is  finished  when  the  li((uid  haa  lost  its 
colour.  It  is  then  easy  to  caltmlate  the  quantity  of  copper  prodpi- 
tatcd,  from  the  voluxae  of  the  standurd  solution  of  eulpoidc  of 
sodioio,  enppoiiin^  always  that  no  other  Huhntanre;!  which  aro  pre* 
cipitablc  by  the  alkaline  sulphide  exist  in  the  liquid. 

In  order  to  prepare  the  standard  sohition  of  sulphide  of  so<liuin. 
1  giB.  of  pure  copper  is  disaolvcd  in  5  or  C  gm.  of  nitric  acid;  and 
about  60  gin.  of  a  concentrated  eolutinn  of  ammonia  being  added, 
gentle  heat  is  applied  to  dtssolvt-  couipletely  the  precipitate.  The 
solution  of  sulphide  of  sodium,  the  initial  volume  of  which  hiia 
been  measured  ou  the  division  uf  the  alkalimuter  containing  it,  is 
then  poured  into  the  dccp-bhto  liijuid ;  and  when  the  latter  ia  only 
of  a  light  blue,  the  flask  is  ithakeu  xeveral  tinieft,  and  then  allowiil 
to  rest  for  a  few  momentEi.  The  sulphide  of  eodJuui  la  then  added, 
drop  It  drop,  in  order  to  observe  exactly  the  moment  at  which  the 
liquid  loses  its  colour,  at  wiiich  point  the  volume  of  solution  added 
is  mark<Ml  on  the  division  of  the  alkalimctcr.  Supposing  this  ro- 
lome  to  be  repreaented  by  137.5  div.,  it  will  be  theuce  inferred  that 
337.5  dir.  of  the  aolution  of  sHlpUide  of  sodium  correspond  to 
2.000  gro.  of  roelallic  copper;  and  consenuenlly,  if,  in  order  to 
remove  the  colour  of  an  ammciniacal  cupreous  liquid,  i'7.5  div.  of 
the  solution  of  aulpliide  of  Bodiam  are  required,  the  conclusion  fol- 
lows that  the  tested  solution  contained  ,^^^ .  1.000  gm.,  or  0.709  gm. 
of  inotnlHc  copper. 

The  described  procc»»  may  ho  applied  to  solutions  eatttftiniiig 
other  metals  than  enppcr,  as  experiment  bus  shown  that  it  gaw 
exact  results  even  when  the  liquid  contahied  iron,  zinc,  cadmium, 
tin,  and  lead  or  antimony,  he^auKO  the  alkalino  eulphido  only  cooi- 
mcnccs  to  aet  uu  the  metala  named  after  tho  copper  has  been  («m- 
jplelcly  preeipitutcd  in  the  tttate  of  oxysulphidc.  It  is  ucvcrthclctw 
indispensable  that  tho  iron  should  bo  iu  the  state  of  sosquioxide. 
BJnee  the  presence  of  protoxide  would  derange  tho  result.  It  is  not 
necessary  to  separate  by  filtering  the  deposit  thrown  down  by  sovo- 
rsl  of  these  metaU  at  tho  motDcut  of  adding  tho  excess  of  ammonia ; 
although  it  may  be  of  advantage  when  the  deposit  is  %-ery  copious, 
hecaoM  the  latter  would  prevent  the  colour  of  tho  liquid 
distinguished. 

The  process  of  determination  just  described  becomes 


LB  \-ery  copious,    ^j 
[iiid  from  ooing    ^M 


HBTALLCKOr  OF  COPPEK. 


S47 


whcD  tlie  liquor  contsins  cobnlt,  oickel,  mercury,  or  Hilver.  The 
presence  of  wivcr  may  be  easily  avoided,  os  it  ie  sikfficicDt  to  odd  a 
few  drops  of  sulfhydric  acid  to  the  nitric  aolutiou,  when  tlie  dilrcr 
ii  entirely  prccipitate^l  as  iti.in]iib1e  chloride. 

JltWO-  Copper  is  easily  cepanited  from  the  alkaline,  aJkalino- 
wrthy,  nnd  earthy  nietalx,  from  tnangancsc,  iron,  chrome,  eobutt, 
niokel,  tine,  titaninm,  and  nraniura,  hy  nicanB  of  sulfhydric  acid, 
passed  through  the  liquid  acidulated  hy  chlorohydrio  neid,  when  tliS' 
copper  atone  a  precipitated  in  the  state  of  Bulpiiidc.  ' 

It  is  xeparatM  from  cadoiiuin,  hlNinmh,  and  lead,  when  tfaeso 
netaU  arc  dieoolvcd  in,  nitric  acid,  by  meann  of  an  excess  of  carbo- 
nate of  atumotiia.  which  dora  not  dissolve  the  copper;  which  name 
process  may  be  employed  to  separate  copper  from  aliuatna  and  the 
'  scsquioxidcH  of  iron  and  chrome ;  hut  the  resnlc;!  are  leivs  exact  than 
those  of  precipitation  by  aulf  hydrio  add.  The  bent  method  of  a©- 
parating  copper  from  load  is  to  add  Rulphuric  acid  to  the  nitric 
solotioD  of  the  two  mctuLt,  and  evaporate  to  firyncBS  to  drive  off  the 
exeeee  of  acid,  when  the  residue,  alter  being  moistened  with  a  nnall 
quantity  of  nitric  acid  and  treated  with  water,  consiflts  only  of  sul- 
phide of  lead. 

C<^per  is  separat^^d  from  tin  by  treatia^'  the  two  metals  with 
nitric  acid,  evaporating  to  dryness,  moistening  the  residue  with  a 
small  quantity  of  nitric  acid,  and  disRolving  it  in  water,  when  thfl 
tin  remoina  la  the  state  of  stannic  acid.  By  the  same  process, 
copper  may  be  separated  from  antimony ;  but  the  rejtults  arc  lesa 
exact,  becanee  a  small  proportion  of  antimony  is  always  dissolved. 
It  U  therefore  better,  after  having  dissolvcLl  the  metals  in  aij^ua 
regia,  to  saturate  the  solution  bv  ammonia,  and  afld  an  excess  of 
Bulf  hydrate  of  ammonia,  in  wliicu  sulptiide  of  antimony  is  Hotublv. 
The  same  procMS  will  eer\'e  to  separate  copper  from  tin  and  arsenic. 

MET.iLLUROY  OF  COPPER. 

1 1061.  Copper  is  found  in  nature  chiefly  in  the  state  of  Fulphide, 
wlueb  J8  rarely  uajlated,  being  generally  combined  with  sulphide  of 
iron,  oonstiliiting  copper  pyrites  Cu,S+Fe,S„  and  frequently  mixed, 
in  greater  or  lesa  proportions,  with  iron  pyrites  FeS,.  ihe  most 
common  ores  of  copper  arc  therefore  mixtures  of  sulphido  of  iron 
and  copper.  BesidcM  copper  pj-ritcs,  the  following  ores  occur: 
variegated  copptr  2Cu,S  +  FcS:/«W^«,  or  <jray  copper^  which  is  a 
doohle  snlphidrof  antimony  and  copper;  and  houmonite,  which  is  a 
molttple  sutphtde  of  antimony,  copper,  and  load;  all  uf  which  arc 
very  important  mtnerab,  being  generally  very  rich  in  biIvct.  All  the 
ores  just  named  are  found  in  veins  traversing  the  old  rocks;  while 
near  these  primitive  veins  dcpoaita  of  copper  ores  are  often  seen,  cri- 
deotly  ariaing  from  the  alteration  of  the  ore  by  the  action  of  water. 
Wbeo  slow  Etrcuuut  of  water,  which,  in  their  oourec,  pass  over  beds 
of  ct^per  ore,  and  thtu  generally  contain  sulphate  of  copper,  drop 


into  cnlcareflUB  earths,  or  remain  in  the  cavitivR  of  calcarooUB  rockfl, 
aiilpbnte  of  lime  la  formed  anri  carried  off  bjr  the  water,  wliile  cax- 
bonate  of  copjier  is  ilL>po»itf>(l ;  siid  if  the  nmctioa  takeg  place  at  a 
high  temperature,  oxiue  of  copper  is  deposited  inetead  of  llie  car- 
bap&lc.  Lmtlj,  if  org&uii:  KuuHtaiitfOs  bo  present,  the  salpbatc  of 
OMpfir  ni»,y  bo  rcdnccil  cither  to  the  metallic  state  or  to  that  of 
sufpliide  of  copper.  The  occurrence  ef  masses  of  carbonate  and 
oxide  of  copper,  wliicli  arc  frctiuentlj  foniid  near  vdna  of  copper 
p^ites,  is  llius  explained,  as  is  also  the  oriu;in  of  ttinall  crT»tjiIa  of 
sulphide  of  copper  scattered  through  certain  schLstoee  rock«  which 
are  impregnated  vrith  bitumen  and  contain  maiiT  orgunic  remains. 
In  thiti  way,  geologistii  explain  the  formatinn  of  the  cupreous  pjritos 
found  scattered  in  small  crjetali^  through  bilnniineits  gchist,  aud 
exhibiting  irapreMionK  of  fi»hes,  which  form  the  boliom  of  a  very 
exteni-ive  basin  of  eecoudarj  rocks  iu  Mansfeld,  in  tlie  north  of 
Germativ. 

More 'or  less  coneiderable  masses  of  suboxide  of  copper  Ca.O  are 
sometimea  found,  which  jield  a  very  rich  copper  ore,  veiy  valaable 
wines  of  which  are  in  Peru  and  Chili.  TLo  principal  loaititiea  of 
copper  ore  in  Europe  arc  in  the  county  of  Cornwall  in  England, 
Mansfeld  and  Kuinniclsberg  in  the  uorlli  of  GLTiiiany,  in  Sweden, 
Korwuj,  and  the  Uriil  and  Altai  inouiituinn  in  Rufsia.  There  for- 
merly existed  at  Chessy  and  Snint-Bel,  nenr  Lyons,  a  very  pr(K 
ductiro  mino  of  oxide  and  carbonate  of  coppor, .  which  is  now 
exhausted." 

S  1002.  The  OTce  of  the  oxide  and  corboaafo  of  copper  ore  very 
easily  worked.  It  is  suflicieiil  to  8mdt  them  In  contact  with  char- 
coal, in  cupola  fnmnceii,  with  scoriro  more  or  less  silicious,  vbon  aa 
impure  copper,  called  black  coyjier,  is  obtained,  which,  af^cr  refining, 
yield  .1  mark  eta  Me  copper. 

§  1063.  The  treatincnt  of  the  stilpburetted  ores  is  niucL  moro 
complicated.  They  arc  flrst  Rubjoctod  to  several  preliminary  rout- 
ingsi,  in  order  to  cunvert  a  certain  portion  of  the  Bolphidee  into  ox- 
idea,  after  which  the  rousted  ores  are  smelted  in  blast  or  in  rcver- 
boratory  ftti-nacea,  with  the  udditioo  of  seoriiC  or  other  fluxes,  if  tie 
ore  does  not  Itaelf  contain  a  sufficiful  proportion  of  silicate-t.  Cop- 
per  has  a  greater  affinity  tor  sulphur  than  iron,  while  the  latter 
metal,  on  the  contrary,  lias  a  greater  affinity  for  oxygen,  especially 
in  the  preacnoe  of  silicic  neiu;  the  oxide  of  copper,  which  forms 
during  the  roasting,  therefore  passes  entirely  into  the  etutu  of  sul- 
phide, by  abstracting  the  sulphur  from  tlio  »i)Iphide  of  in>n  which 
remainea  in  the  roasted  material,  the  products  of  the  operation 
beuig  a  slag,  which  contains  the  greater  part  of  the  ii'on  of  the 

*  TLe  iirlaotpal  locftllty  «f  copper  ores  In  lh«  Unlt«d  States  U  tlitt  »t  Keweokw 
Pdat,  Lako  Supsrlor,  vberv  largt  oiaMM  ef  b^Cito  coppAr  mv  found.  Olhrr 
■rtM  lcM;»)ittM,  cniitt«il  in  th*  Icit,  art-  ti>o»«  !n  Cuba,  8ib«ria,  aivd  Uiurn  Buira 
U  AustrtUb,  all  of  wliith  juli  [iriiicSp^/  oxliiud  otm.—  If.X.  P. 


METALLDROY   OF  COFPBB. 


249 


copper  pyrites,  and  a  stilpliido  of  iron  and  capper,  and  the  euf 
mattt  containing  ntarlj  nil  the  sulphitlc  of  copper  of  the  pyritea^J 
anil  a  much  ^luallcr  pruportioii  of  xulpliidc  of  iron.     The  matt  is,' 
coDtoqucntly,  a  sulphuretted  ore  of  copper,  oiucli  richer  in  copper 
tliaD  th«  origina]  pynles.     It  h  again  rousred,  and  multed  M'itli 
Biliciou»  twmc,  and  frequently  with  ores  of  oxide  of  copper,  when 
tlicy  are  at  hand,  wliich  process  produces  a  new  slag,  containing  ■ 
great  portion  of  the  iron  of  the  fir^t  matt,  nnd  a  second  cupreous 
matt,  &till  richer  in  copper  tlian  the  Grat.     Thc»e  giicoessive  oper^. 
tions  arc  repeated  nntil  an  impure  copper,  hlaek  copper,  a  last' 
cupreous  roatt,  and  »cori»,  are  obtained,  the  malt  being  then  sub- 
jected 10  Nimitar  processes,  or  added  to  the  preeoding  matt,  so  that 
the  ultimate  product  is  black  copper,  which  is  refined.     We  kIuUI 
gire  examples  of  (his  metallnrgic  proceaii  as  adapte<]  in  some  of  the 
moet  important  European  work:!. 

§  10^4.  At  Fahlun.  in  Sncdcii,  the  principttl  ore  is  copper  pyrites, 
mixed  intimately  with  iri-m  pyrites  and  accompanied  by  a  quartxofle 
rau^c.  The  pyritous  on.-.-^  are  roii-stcd,  mixed  nith  ttUiuiou-t  ores, 
m  the  proportion  of  2  pariJi  of  pjT-itona  and  1  of  yilieiiius  oro,  and 
10  to  30  per  cent,  of  ^coriie,  arising  from  a  previous  smelting, 
added.  This  mixture  w  smeHeA  in  a  hlnst-fumace  of  aboni  .^  metrog 
in  height,  tod  a  matt  composed  of  sulphide  of  iron  Fc,S  and  sol- 
phide  of  copper  Cu,S,  with  a  sing  which  should  present  nearly  the 
composition  of  biailicate  of  iron  FeO,2SiO^  arc  removed  from  it. 
The  matt,  which  contains  8  tn  10  per  cent,  of  copper,  is  subjected 
to  four  successive  roasliugs,  which  remove  nearly  all  thft  Bolphur 
ao(l  leave  the  tnctal»  in  the  state  of  oxide.  The  roaxted  matt«  ara 
Si]M)lt«d  in  blaRt-fiimaceii,  resembling  those  used  for  the  ftmclting  of 
tbe  roasted  ortvi,  cjuartK  and  nxidiBod  or  sulphuretted  silicious  oree 
which  have  been  previously  roasted  being  added.  Thi.t  smelting 
yields  black  copper,  a  small  (puintily  of  cupreoiiH  malt,  and  scorioe, 
which  are  cliiefly  simple  silicates  of  iron  FeO,SiO,.  The  cupreous 
matt  is  then  treated  Uke  the  first  matt  arising  from  the  smelting  of 
the  ores,  while  the  black  copper  is  refined  by  a  process  soon  to  be 
dMCribod. 

$  lOtlo.  The  copper  ores  of  Manafeld  are  argillaceous  schists, 
containing  p}'inte!)  scattered  through  in  email  crystals,  their  rich- ' 
ness  in  copper  being  very  variable,  while  they  arc  strongly  impre^ 
DSt«d  wiih  hilumen.  They  arc  roasted  by  being  ht-apcd  on  a  pile 
of  wood,  wliich  is  easily  done,  the  consumption  uf  fuel  being  nmnll, 
as  the  fire  is  kept  up  by  the  binimen.  Five  to  eight  per  cent,  of 
finor>epar,  scoriie  poor  in  copper,  arising  from  eubi'ciincut  opera- 
tions, and  fremiently  small  quantities  of  eiiproous  »chi»t»  containing 
oarbooate  of  lime,  are  added,  and  the  mixture  is  smelted  iu  blast- 
flimaoM  5  or  6  metres  high,  Iieated  by  coke.  Fig.  5,18  represents 
a  vertical  section  of  the  furnace  paswng  through  one  of  the  Iwycra, 
,  ^7  reproetoQta  a  front  view.  (The  breast  of  the  furnace  has 
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'been  removed  to  show  the  interior.)    The  lo««r  part  of  ilie  fornaee 
is  loih  of  qu&rtEOfio  undstOQe^  uiq  tbe  upper  purt  of  bricks.     Tho 
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furnace  has  two  twjcn,  either  on  the  siune  side,  as  In  £g.  5f}&,  or  on 
opposite  Bideii.  At  the  hue  of  the  breast  of  the  furoncc  arc  tvo 
openings  o,  o',  which  are  opened  alternately  for  the  escape  of  the 
liquid  producUi,  and  which  communicato  by  moans  of  canals  with 

livo  Urge  crucihlcs  C,  C  oataide.     Tho 

siDplter  allone  a  nose  of  0.2  m.  in  Icngtb 

to  form  ill  front  of  the  Iwjtrs,  and  tho 

fuel  and  ore  nro  char(;cd  aht-'rnalcly  in 

lyj-ers.      The  furuaecs  arc  airraioiujted 

lyy  ehimnej^  of  12  or  1.1  metres  in  beichc, 

.  ,,        ^        .z^_  to  cnrrv  off  the  products  of  combtutioD. 

ii^^^^^rtZ^^^^^^r    ''^''^  inatts  and  scorlre  escape  constantly 

*^    --        '~^-    ^      from  the  furnace,  and  flow  inte  owe  of  Iho 

re€civin)T  haitins  C,  the  opening  o'  corre- 
sponding to  tho  basin  C  being  closed.  Whon  the  crucible  C  18 
filled,  the  hole  o*  is  opened  and  the  material  allowed  to  run  into  C, 
after  iv-liich  the  prodiicta  in  the  basin  C  art"  immediately  removed- 
Tlie  slaf^  nre  generally  mrjiddt-d  into  large  bricks,  which  are  weil 
in  buildinf;;  while  the  mntts,  in  the  sliapt'  of  ilisks,  are  removed  ts 
f»Ht  as  their  nurface  eolidifics.  Tho  cnKriblo  C  being  emptied,  when 
C  I^i  filled,  tho  EubatanccH  flowing  from  the  furnace  are  again  col- 
lected. 

Tho  matt,  which  forms  only  about  Aof  tho  weight  of  the  melted 
ores.  13  composed  of  sulphide  of  iron  roS  and  sulphide  of  copper 
Cu3 ;  't«  proportion  of  copper  varyiuc  from  20  to  tiO  per  cent., 
according  to  too  nature  of  tho  ore.  W^cn  the  matt  contains  only 
20  or  30  per  cenU  of  copper,  it  ia  subjected  to  tlirco  succeeaive 
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roaatiogs  on  heaps  of  wood,  and  is  agkin  passed  throagh  tlie  fiir> 
nace,  with  thp  audition  of  a  (.'erlaio  (lunntity  of  slag  ariaing  from 
tb«  first  smelting  of  the  ores;  for  wbicb  purpoM  the  slag  whioli 
immediattly  covered  the  matt  in  th«  receiving  basins,  and  which 
is  richer  than  the  mp«rfici»l  ecoritc,  U  eeleeted.  A  new  matt  is 
thus  obtained,  pre«enting  the  isatnc  pcrocntnge  of  copper  as  that 
arising  from  th«^  emclttng  of  rich  ores. 

§  10U6.  The  rich  uiiitte  iiro  subjected  to  six  successiTO  roastinga 

on  heaps  of  wood,  Iho  opeiatton  being  performed  iii  small  stalls 

a  o  o  4  i^S-  560),  formed  by  three  atone 

waltg,  and  having  openings  at  o, 
to  fucilitatc  the  draught.  The 
matt  which  has  been  roasted  in 
the  firat  stall  is  passed  to  that 
of  No.  2,  and  no  on  until  it 
I  reaches  Xo.  6.  A  considerahte 
quantity  of  sulphate  of  copper, 
which  is  formed  during  the 
roasiin;;.  is  sobaequeDtly  rcmoTcd  by  washing,  aa  it  can  bo  sold  to 
%  good  profit.  Beginning  with  the  third  roasting,  the  inatts  are 
lixivinteil,  after  each  rossling,  in  large  wooden  boxes,  superimpofted 
upon  each  other,  a  methodionl  process  of  washing  (§  447)  being 
ftdopted,  so  that  the  water  which  flows  from  the  laet  box  ia  nearly 
•atoraled,  and  soon  deposit  crystals  when  evaporated  by  heat  in 
leaden  boilers. 

The  roasted  matt  is  smelted  in  a  blast-farnace  resembling  that 
[tB  which  the  ores  are  smelted,  but  smaller;  the  scorise  intended  to 
[Mttbine  with  the  oxide  of  iron  of  the  matt  being  added.     This 
lelting  yields  black  copper,  scoriic,  and  a  matt  which,  being  very 
rich  in  copper,  is  added  lo  the  second  mutts  resulting  from  the 
preeeding  operation.     The  bl&ck  copper  id  removed  in  disks,  for 
'  which  purpose  a  small  quantity  of  water  in  poured  on  the  melted 
jtDua,  to  render  the  superficial  stratum  solid.     Black  copper  con- 
htaina  about  9<>  per  cent,  of  copper,  3  or  4  of  iron,  and  smull  quanti- 
ties of  Ailver  and  antimony. 

g  1067.  Cupreous  ores  often  contain  enough  silver  to  render  tho 
extraction  of  this  metal  advantageous;  nhicli  operation  is  effected 
either  on  the  black  copper  or  on  the  last  roasted  matts.  Tho  black 
copper  is  worked  by  elitjucttlon,  and  the  Jitalts  by  amalffamalion. 
The  following  is  the  principle  of  cliquation  : — By  fusing  copper  and 
.lead  in  an  clliow-furnace,  the  two  uietals  are  alloyed ;  and  if  the 
fused  alloy  be  suddenly  cooled  at  the  moment  of  its  escape  from 
the  furnace,  the  mcb&U  remain  intimately  mixed.  But,  if  the  solid 
alloy  be  gradually  reheated,  or  if  the  melted  alloy  he  slowly  cooled, 
tfao  metau  separate,  uud  the  lead  retains  all  the  Ktlvcr  which  origin- 
ally existed  iu  the  copper,  while  tho  latter  metal  is  merely  oom> 
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bined  with  a  cert&in  quantity  of  le«i(I.     By  ciipellntion  tho  lead 
gives  up  its  silver,  and  tlic  icnpur«  copper  is  refined. 

Three  parts  of  bl»ck  coppt-r,  iiiid  10  or  112  parts  of  lend,  M 
ircpmiferous  aa  posniblc,  ar*^  fuBcH  in  a  small  elbow-fumacc, 
litharge  rich  in  silver  beiog  oflen  substituted  for  the  lead.  The 
fused  alloy  is  run  into  cast-iron  moulds,  where  it  suddenly  cools, 

and  taken  thp  shape 
of  disks,  which  are 
heated  on  the  fUquat' 
ing  furnai-e.  Thia 
a  ppa  ra  ttis  condsts  of 
two  cast-iron  plates 
(figa.  561  and  5G2), 
sli;;htly  inclined  to* 
ward  encb  other,  and 
leaving  a  smalt  space 
5(H_  above      an      empty 

space  M  in  the  tnn- 
Bon-work  which  supports  the  pUtea.  The 
disks  D  are  placed  perpendicularly  on 
the  plates,  and  kept  separate  by  woodeD 
■wedges,  the  open  part  of  the  floor  bcin^ 
closed  by  sheet-iron  pistes  P,  F.  Char- 
coal is  heaped  between  the  di^ik?,  and  the 
weilgcs  arc  removed,  after  which  wood  is 
'^'     ~*  pinccd  in  the  space  M  and  kindled,  the 

draught  being  inercsscd  by  .imall  chimneyx  o  made  in  the  mason- 
Kork.  A»  the  tcmpcruture  vises,  the  lead  fuses  and  runs  through 
a  canal  a  in  lh»  floor  ctf  the  Npace  M,  into  a  crucible  c,  whence  tt 
is  run  into  raonlda  of  a  lenticular  shape.  The  copper,  still  alloyed 
Kith  a  certain  quantity  of  lend,  remiiiris  on  the  floor  in  the  form 
of  a  half- incited,  spongy  mass,  white  the  lead  which  separate  by 
etiquatiun  contaius  nearly  all  the  silver,  which  is  afterward  $tpi- 
rated  by  cupcltation. 

As  the  cupreous  masses  may  still  yield  a  certain  qnantity  of 
argent! foroua  lead,  if  the  temperature  he  raised,  they  are  heate4 
in  a  pfculiar  furiiarar,  called  a  ntceat ing- furnace,  of  which  fig.  564 
represPiUR  u  vorticul  section  through  the  line  CD  of  the  plane 
(fig.  ■')0o).  \Thile  ft;;.  5tJ5  shows  a  honzotiUl  t>eelion  at  the  height 
of  the  line  -Mi  (fig.  5lj4);  and  lascty,  fig.  5tl3  cxhibiis  a  front 
view  of  the  same.  Th<:  cupreous  mauisca  are  placed  on  the  floor 
of  the  furnace  above  the  strainers  F,F,  which  are  filled  with  wood  ; 
vbeo  tho  dour  of  the  furnace  is  closed  and  the  fuel  kindled, 
the  draught  being  assisted  by  small  holes  o,  a,  which  open  into 
a  ehimney  H.  An  additional  quantity  of  lead  separates  hy  cli- 
quation ;  but  as  the  air  in  the  furnace  is  very  oaidldng.  the 
greater  portion  of  tbia  tend  is  converted  into  litharge,  which  falls 
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to  tll«  bot-  P*  663.  ni-  ^ 

torn  or  lbs 

■trkiiiera 

F.AwoaU 

qaaolity 

of  oxide 
<  of  eoppar 
'also  oxi(l> 

ixe$,     but 

remuius 

diatQlvoit 

iu       the 

lilbarge. 

There   will   be,   tfaereforc,    ou    the 

floor,  bUfik  copper  which  hn«  lost 

th«  gn-atcr  proportion  of  the  lead 

and  silver  it  reiuined,  anil  argen- 
tiferous   litbnrgo    rich    in    copper, 

irbicb    are    thrown   aa    plumbeoua 

uatorial  into  tho  clbow-raraace  in  j^. 

wLicb  iho  black  copper  is  smelteii 

with   lead,  for  the   preparation  of 
rdiaks  for  eliquation. 

§  IWiV.  Ibe  black  cop- 
»per  produced  hy  eli()ua(ioD 

La  refined  in  ft  reverberator^ 

resembling  a  cupelling  fur" 

aae«,  of  which  ^g.  6tj6  rc- 

|)reflebt4  a  vertical  section 

through  the  line  YX  of  tlie 

plono  (fig.  5G7),  while  Pl-. 

S6T  gives  a  hoHxontal  -i 

tioD  through  the  line  Vli  ut 

fig.  S6t>.  Wood  i^  burned 
.  on  th«  grate  b',  and  the 
'  flsme   paRfM   through   the 

foraace  A  into  the  cbuo- 

neyC. 

The  copper  to  be  refined 
1 H  placed  on  the  hearth-sole 

of  the  rurnsue,  made  of 
JBioiatened  charcoal  solidlv  r 

C landed ;  the  charging  be- 
g  done  through  nn  open- 
ling  D,  which  is  afterward 
lclo«ed  bjr  a  door.    When  tho 
metal  is  fused,  the  wind  of 
Voi_  II.— Vf  Pii.  6e7 
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two  twyera  (  is  tllowwi  to  blow  over  the  »«rfn.ce  of  the  batli,  by  tlie 
oxidising  action  of  whic4i  Ibc  Hulphur.  tend,  and  iron  first  oxidise, 
while  acoriie  snd  Bkioiniings  aro  rormed,  wtiich  are  removed  through 
the  door  A.  After  u  ccrtnia  time,  tli«  copper  lias  lost  its  foreign 
meta.l8,  and  red  scoriic,  very  rich  in  suboxide  of  copper  Cii,0,  are 
formcil.  The  vorkmaii  Judges  of  the  proji^esa  of  the  operation 
by  plunging  an  iron  rod  from  lime  to  time  into  the  liath  of  mcta), 
thus  taking  out  a  ihinible  of  copper,  which  he  hammers  to  aacortaiii 
its  physical  i^imlitioa.  When  the  re&ning  is  finished,  he  runs  the 
metal  into  the  bosioa  B,B',  pours  into  them  a  email  qaantity  of 
vat«r  to  solidify  the  superficial  stratum,  vbich  he  immediately  re- 
movcB,  and  10  on,  until  he  has  removed  all  the  copper.  I'he  me- 
tallio  disks  are  called  rosettes.  In  this  state  the  copper  ia  not 
mallcnble,  as  a  small  quantity  of  suboxide  of  copper  Cu,0,  which 
it  always  contains,  destroys  this  property. 

Black  copper  ia  frotiuontly  refined,  in  this  way,  before  being 
suhJL-ctcd  to  eliquation;  hut  it  is  not  carried  so  far,  and  the  par- 
tially refined  blaok  copper  is  run  into  cold  water,  which  reduces  it 
to  the  state  of  grains  or  drop^.  The  granulated  metal  m  then 
fused  with  the  pJumbooas  material  in  the  el  bow- furnace,  by  which 
more  homogencouii  ftUoys  of  copper  and  lead  arc  obtained,  than 
when  disks  of  black  copper  are  fused  with  lead.  After  eliqoation 
and  sweating,  the  cupreous  material  is  refined  by  a  process  pre- 
sently to  be  described. 

The  process  by  amalgamation  will  he  described  in  treating  of 
the  metallurgy  of  silver." 

I  lOStJ.  \Vhen  black  copper  contains  no  silver,  it  is  not  subjected 
to  eliquaiion,  but  is  gcneruUy  refined  in  a  Tefining-fumacf:,  a  verij- 
oal  seotioD  of  which  is  seen  in  6g.  6t>8,  and  a  perspectivo  view  in 
fig.  5G!),     It  is  composed  of  a  liemisphericol  cradble  C»  of  n  radlua 


•  A  reoMiily  (ntrndneed  proceM  of  exlraeting  Uie  illr«  IVoia  oaprcotu  iiiKtta 
U  now  emplajcd  to  greit  aJvihiIkkc  iu  Snsiistiii.  tioiitli  WdIfk,  ildiI  At  ««vtr«l 
place*  in  nvrriiiaii<F.  i'tin  MniiipiilHtiniu  nn*  lu  yvt  krpt  KOctvt,  «Iiil«  tho  iiuee«i* 
rivtt  oponitluui  lire  Mt  (oWont : — The  kccoikI  nr  ihinl  (^uprroiii  uiftlt,  nfler  kaviBg 
been  gmmilBtciI,  ur  Btuniped,  and  reduoed  lo  ivn  iui|jaIpHM«  puwUer,  U  routed  la 
K  r«Tcrbera(ory  until  all  tbo  Rulpbatc  of  copper  f'jrtuvJ  Id  dtcompoaed,  muI  tlia 
gHl[;hiirie  acid  is  completely  expelled-  Tliu  roastci  •absbuioc  m  ainitt  powdered, 
ftDd  roiuteJ  -witb  o.  corUia  iiuuititj  of  cwinniC'n  taXi,  the  oUoritic  of  ultivb  e«ln< 
liineii  with.  tli«  tUvcr  to  form  chlotido  of  *Uvi>r-  Tht  prodoet  rotrulting  ttam  thin 
o[iuritlion  is  niatpd ;  nnd  while  lh«  Conner  pnrtloles.  which  coDsist  at  Inipari'Mtly 
rooKteJ  matt  irbich  hat  niutoi'Dd  togetiiar,  u.t«  again  roasteil  witb  coDiiuoa  Etll, 
tiie  powder  wbich  ktui  pui«d  through  the  «iuvo  ia  trcutsd  witli  a  builini;  isturatvU 
Holution  of  euniUKra  salt,  trliich  itiis^altM  the  chlorid«  of  pilrvr.  Tb*  ailvcr  ia 
prcoipitatcd  frum  Ita  Kolution  in  the  m«ullio  etAlo  b;  pieces  of  motallio  copper, 
wbiU  tbo  coppi^  in  lolatioD  )s  in  tla  tarn  pr«oIpitat«d  L;  iron.  Tlie  mora  por- 
faotlji  tbe  flrtt  roulitis;  oiui  offoi.-l«d,  it.  tli«  lew  aulplmria  aeid  nan  sUd««kI  to 
r«a*iD,  the  Im*  eblonde  of  fopp«r  will  farm  by  the  eiibacqutul  roatting  with 
comoion  Bait ;  and  clic  less  copper  tli«  lolulion  of  lilvcr  cantaitia,  the  ncr*  per- 
fectly will  tlin  itUcT  tie  prciripi  iniud,  mnil  ennaoqucntlj',  i!ie  niuro  ccoiioniiciil  will 
the  opfraiioti  be.     Tlie  whole  procnui  roiuire*  grwa.;  oare. — W.  It.  F. 
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of  ftbout  0.2  ID.  linetl  with  brasque  mwle  of  2  parts  of  cliftrooal  and  1 
of  claT.  ItissurroundedbjsnedKfi  hai-itif(aQOp«iiiQ|{  A.closcd  hj\ 
a  door,  the  object  of  which  U  to  more  readily  support  the  charcoal- 
When  Bret  made,  or  repaired,  it  is  dried  for  aevoral  hours,  W 
fiUirg  it  with  burning  cbarcon] ;  and,  fresh  charcoal  being  added, 
the  pieces  of  bluek  copper  are  placeJ  on  the  Bide  opposite  to  ttia 
twyvT  T.  ami  the  hlfist  in  admitted.  When  the  charge  of  black 
copper  U  melted,  fresh  is  added,  ta.kiii(^  care  to  alwajra  keep  the 
furnace  filled  with  charcoal.  A  tap-hale  ii,  allows  the  escape  of 
the  seorin*  which  form  during  the  refining.  Sulphurous  acid,  and 
«lut«  Tapoani  of  oxide  of  antimonj,  when  tbia  niet«l  cxiata  in  tho 
black  copper,  are  disengaged,  while  the  fitst  ecorisa  contain  m 


y 


fig.  668. 


Kb. 


cODsidenble  amount  of  oxide  of  iron,  which  gives  Ihcm  a  grDenisb 
hue,  while  the  succeeding  elag  ig  of  a  deep  red  colour,  and  very  rich 
in  oxide  of  copper.  When  the  workman  hua  meUed  the  quantity 
of  black  copper  intended  for  a  single  operation,  he  takes,  from 
lime  to  time,  a  thimlle  of  copper  on  the  end  of  an  iron  rod,  and 
judges,  by  the  appcnrance  of  the  niet«l,  of  the  progresB  of  the 
operation.  When  he  thinks  the  rcGaing  ia  tcrnnuatcd,  he  stops 
the  blast,  throws  a  bucket-full  of  water  on  the  hearth,  removes  the 
charcoal,  uncovers  the  mrface  of  the  metallic  bath,  and  skims  off 
the  supernatant  scorlee;  and  when  its  surface  is  clean,  throws  on 
it  a  email  Quantity  of  water  to  consolidate  its  supcrHcial  i>tnitain, 
and  immeaiatety  removes  it  iu  the  form  of  a  rosette.  Water  ia 
again  poured  on,  a  second  rosette  removed,  and  no  on,  until  the 
operation  is  terminated.    The  process  generally  lasts  two  hours,  and 

?roduces  a  loss  of  about  25  per  cent,  on  black  copper,  furoisbing 
6  per  cent,  of  rosette  copper. 
$  1070.  Rosette  copper  docs  not  potsets  tho  malleability  of  the 
oopper  of  commerce,  and,  in  order  to  give  it  the  desired  properties, 
mast  be  subjected  to  a  very  delicate  operation,  requiring  a  skilful 
workman.  The  rosettvs  are  remclccd  in  a  small  furnace,  resect- 
bliDg  that  of  figs.  568  and  5<39,  for  refining  black  copper,  and, 
when  the  fiised  metal  haa  ran  into  the  cnictMe,  it  is  covered  with 
fine  charcoal,  when,  after  some  time,  all  the  suboxide  of  copper  is 
redoeed,  and  the  metal  has  attained  ite  greatest  degree  of  mallea- 
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btltty.  BQt  if  tho  workman  davs  not  seize  exactly  the  proper 
monicat,  tlie  nictiil  agaia  \oaes  ita  malle&bilUy  b;  combining  vitb 
u.  boirII  quantity  of  cu-boD.  When  tbJB  bappetiK,  (which  the  refiner 
eooD  (liacovcra  bj  occa^iuual  experiment,)  he  uncovers  tbe  loetnl, 
and  allow*  the  «ir  of  the  twyer  to  pUy  for  a  few  momenta  over 
the  surface  of  the  bath,  nbicli  operaLioa  herepesta  tiatil  he  attains 
tliG  fiivoiirablc  period.  The  purified  metal  is  then  ran  into  moalcU 
of  various  shapes  and  ftizca. 

§  1071.  England  alone  manufacturea  more  than  half  of  the 
copper  used  ia  the  world.  The  most  important  copper-mines  aro 
in  Devontthire  and  Corowallt  while  the  principal  sinelcing-works 
arc  in  Wnlc^  and  «mclc,  besides  tho  British  ores,  many  foreign 
ores  coming  from  Cliili,  Pern,  Cuba,  New  Zealand,  Algiers,  Kor- 
way,  kc. 

The  ores  smelted  in  the  Wclsli  copper-works  may  be  divided 
into  several  classes,  according  to  their  richness  in  copper  and  their 
ebemioal  composition: 

1.  Copper  pyrites,  mixed  with  a  Urge  proportion  of  iron  pyrites, 
and  containing  but  »  »iiiall  quantity  uf  oxidized  cupreous  sub- 
stances,  itinl  accompanied  by  a  quanzose  and  earthy  ganguo  of 
little  value.    Tlicy  contain  from  o  to  16  per  cent,  of  copper. 

2.  Copper  pyrites,  presenting  tlie  same  composition  as  the  fore- 
going, but  contnining  from  15  to  25  per  cent,  of  copper. 

8.  Copper  pyrites,  containing  very  little  iron  pyrites  and 
matter  injurious  to  the  quality  of  tho  copper,  but  in  larger  pro- 
portion of  oxtdtKcd  cupreous  substances,  and  the  gangue  uf  wbich 
ta  essentially  qu&rtzose,  tvhilo  they  yield  from  12  to  '20  per  cent. 
of  copper. 

4.  Ores  composed  principally  of  oxidised  copper-ores,  mixed 
with  pyricoii!t  and  variegated  copper.  Their  gangue  is  qaartzose, 
and  th«y  contain  from  2:*  to  4.'>  per  cftnt.  of  copper. 

a.  Very  rich  oxidized  ores,  free  from  sulphidea  and  injurious 
substances,  uccompajiied  by  a  qiinrtzosc  gangue,  and  containing 
from  CO  to  80  per  cent,  of  copper,  in  the  metallic  state,  and  in 
that  of  Huhoxide  or  carbonate.  This  valuable  ore  is  imported 
chiefly  from  Chili. 

§  l07i!.  The  mctnllurgic  trpHtmont  begins  with  ores  of  tho  first 
class,  which  arc  roasted  in  large  reverberalory  furnaces,  a  bori- 
xontal  Hectioii  of  one  of  which  is  represented  in  fig.  571,  while 
fig.  670  shows  a  vertical  section  through  the  line  X\  in  fig.  571. 
Ibe  heartb-sole  of  this  furnace  is  21  feet  in  length  by  21  in  width, 
and  made  of  refractory  bricks.  Tho  vaulted  roof  descends  rapidly 
from  the  grate  K  to  the  flue  K,  which  conveys  the  gases  into  a 
tail  chimney.  Four  doors  p  on  the  sides  of  the  furnACft  servo  as 
working-holes,  while  an  opening  o  near  the  fire-bridge  or  altar, 
serves  for  the  introduction  of  a  certain  rjuaniity  of  fresh  air, 
which  can  be  regulated  by  u  register.     The  hearlh-solo  lias  four 
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Pig.  670. 


Fig.  fi71. 


reciangnlor  apertures  r  immfidiately  ogainat  the  worlcing-doors, 
t«n'mg  for  tlie  extraction  of  the  routea  mftteml,  and  wtiicfi  are 
kept  closed  during  the  roiisting,  by  c&st-iroQ  pUtcs.  In  the 
vtolted  roof  are  two  Inrj^e  dlieet-iroii  hoppers,  tbrougb  which  the 
ore  to  b«  rooated  is  iatrodaced,  and  wlucb  are  provided  with  re- 
gusten  which  on  being  opened  allnw  the  oLaterittl  to  fall  on  the 
heartb-sole. 

Tbo  combiiBtibte  employed  for  the  ronstinj;  und  smelting  t»  the 
Welsh  aothnicite,  which,  as  it  bums  with  (lilTiculty,  and  is  reduced 
to  dnst  by  the  influence  of  he.it,  cannot  furnish,  under  ordinary 
eircamstances,  the  necessary  flume  to  heat  a  reverheratory  of 
21  feet  in  length  tbroughont  iho  wholo  of  its  extent;  and  which, 
moreover,  cannot  bo  burned  on  a  cooimon  grate,  as  it  would  either 
fatl  through  between  the  bars,  or  complotcW  fill  up  the  iuterntices. 
Tbe<e  inconveniences  have  been  remedied  in  a  very  ingenious 
way,  by  which  the  manner  of  combustion  ia  rendered  different 
from  that  generally  taking  place  in  reverheratories.  Tlie  antbra< 
leares,  on  being  bnmcd  at  a  high  temperature,  an  osb  which  by 
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fosion  is  rendered  pastj,  and  constitutes  a  vitreoas  slag,  a  pro- 
perty which  the  worVmen  tnnke  use  r>f  to  obtain  a  kind  of  eartlij 
grate,  which  is  supported  only  by  a  few  bars  of  iron,  plnced  wida 
apart.  DifTcrcnt-sized  fragmenta  of  thin  slag  are  benped  on  the 
bare,  utitil  the  layer  has  attained  the  thicineos  of  about  1  or  1| 
feet,  nfifir  iihich  the  ash  of  the  fuel  bamed  on  this  support  forms  a 
kind  of  slii^,  wbidi  encloses  numerous  pieces  of  coal ;  and  when . 
the  slug,  owing  to  the  aocutnulatioa  of  a  fresh  quantity  aboT&^ 
becomes  further  removed  from  the  source  of  heat,  it  cools,  and 
thus  forms  new  intorstices,  largt-  enough  to  allow  the  current  of 
air  neccissary  for  the  combustion  to  pasa,  but  to*  narrow  to  permit 
the  escape  of  powdered  fuel.  The  worJiman  contrivts  to  keep  the 
thtckneits  of  the  layer  of  tflitg  uiiirorm,  by  breaking  away  pieces 
from  below  from  time  to  time,  and  aUoniag  them  to  fall  iato  the 
ash-pit. 

About  {  of  ita  Tcight  of  bituminous  coal,  in  small  piecca,  ia 
added  to  the  anthracite,  in  order  that  the  fornier,  by  ailheriiig  to 
the  anthracite,  and  swcUiag  by  the  heat,  may  maintain  the  desired 
porosity  throughout  the  mojis.  The  thickness  of  the  layer  of 
antliracite  19  about  1  foot  above  the  support  of  slags.  Tlic  air 
traverses  the  layer  at  innumerable  poiutM,  and  its  oxygen  Is  en- 
tirely conrertod  into  carbonie  oxide,  which,  with  the  nitrogen, 
enteni  the  furnace,  where  it  ia  consumed  at  the  expense  of  the 
cold  air  introduced  through  the  aperturo  o  and  throuj;h  the  small 
holes  in  the  working-doors.  The  whole  of  the  inside  of  the  furnace 
is  thus  fillfd  with  a  long  Quinu  of  carbonic  oxide,  which  burns  by 
contact  with  jets  of  air  nontoining  an  excess  of  oxygen,  and  which 
spread  out  like  a  sheet  on  the  floor  of  the  furnace,  because  thoy 
enter  through  hole*  pierced  as  bw  as  po&i;ible. 

The  ore  spread  out  on  the  Buor  of  the  furnace  is  thus  eonstantly  i 
exposed  to  a  layer  of  oxidizing  iiir,  near  a  mass  of  combustible  gag  | 
whieh  ia  consumed  slowly  on  its  undor  surface,  thus  furnishing  th© 
Leat  necessary  to  the  maatiiig.     The  roabting  of  a  charge  of  oro 
ia  oommenced  immpdiately  ufter  the  former  charge  has  Dcen  bx- 
trttct«d,  without  allowing  the  furnace  to  rc&t.    Each  charge  consists 
of  3J  tons,  which  are  introduced  by  opening  the  valvea  of  the 
hoppers  in  which  the  ore  hag  been  previously  heaped ;  and  the 
workmen  immediately  spread  the  whole  charge  uniformly  over  the 
floor,  by  tnoans  of  iron  rakes,  introduced  through  tlio  four  working- 
holes,  which  arc  afterward  closcil.     Every  2  hours  a  fresh  surface 
is  exposed  by  ettrring  with  long  iron  poles ;  and  the  whole  roasting 
lasts  12  hours.     lu  order  to  extract  the  roaated  ore,  the  workmea  i 
open  the  workiug -doors,  and  lift  up  the  cast-iron  plates  which, 
oovcr  the  openings  r,  into  which  they  rake  the  ore,  thus  oaoaing  ifel 
to  pau  into  a  reservoir  U  under  the  furnace,  whence  other  work* 
men  take  it,  after  it  has  cooled,  to  the  smelting- furnace. 

§  1073.    The  amultiug'furnace  ia  a  reverberator^,  fed   b] 
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mbtuir»  of  I  of  anthracite  and  ^  of  fine  pit-caal,  vhicli  arc  burned 
on  a  bed  of  BCori.T,  the  flame  being  prmlaccJ  bjr  the  cotnbuation 
of  tbe  oarboniu  oxide  gas  wlitolt  fona.>i  in  the  Btratum  of  fuel.  By 
fordng  the  draught  a  liieher  If-mporature  can  be  attuned  than  in 
tbe  roasting-fumace.  Fi^.  fiTS  represents  s  borisontal,  aud  6e. 
£7S  a  v«rtical.  ecclioa  of  the  furnace.  The  bcarth>solD  is  made 
of  scotiie,  huYing  a  depreiiiuon  at  B,  constituting  a  kind  of  inner 
basin.     The  roasted  ores  arc  smelted  by  adding  to  tbem  the  rich 
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rBcoriw  arising  from  the  prccoding  opera-tlons  and  unroastcd  cnidc 

lores  belonging  to  tb«  third  cinss;  a  certain  quantity  of  fluor-spar 

[iMiag  added,  to  give  fluidity  to  the  scoriai.     Influonocd  by  tlio 

liigh  icivperature,  the  oxides  and  sulphides  react  upon  each  otber, 
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Rnd  irliile  the  copper  com'bineii  chiefly  with  the  sulphsr,  the  iron 
Bdeota  the  oxygen  and  paasea  into  the  seoriie.  There  is,  more- 
orer,  a  reaction  between  the  oxygen  of  the  oxides  and  the  Rulphnr 
of  the  sniphides,  and,  consequently,  disengagement  of  sulphurous 
ncid.  The  operation  is  terininntcd  in  4  hours,  and  the  products 
of  emehinj;  are — a  mftit  which  contains  the  greater  portion  of 
the  copper  cntnhined  with  the  sulphur  and  a  certain  (laontity  of 
sulphide  of  iron  ;  and  a  tslag  highly  charged  with  oxide  of  iron, 
and  containing  many  frngtnents  of  qun-rti:,  giving  it  a.  mnddy  con* 
ustence.  The  workman  draws  out  the  slajr,  hy  mc'ana  of  his  rake, 
which  he  introduces  through  the  working-hole  p  near  the  flue,  »nd 
cniixes  the  slag  to  fHll  into  rectangular  cavitieii  IT,  made  in  the 
same,  tlie  shape  of  uhich  it  assumes.  At  the  same  time,  tbe 
tmtilter  opens  a  tap-hole  whi<:lL  penetrates  to  the  hottotn  of  the 
inner  reservoir  U,  when  the  matt  flows  in  a  email  stream,  and  is 
conductrd  hy  a  canal  ah  into  a  renervoir  R  filled  with  water,  when 
it  is  dirided  into  very  small  graina. 

The  matt  nri.sing  rrr>m  this  smelting  is  called  coarse  mftal,  and 
contains  about  83  per  cent,  of  copper.  The  scariie  are  broken  up, 
and  the  pi«««s  sorted;  the  richest  being  kept  to  be  added  to  an- 
other smelting  of  roasted  ore,  while  the  remainder  is  rejected.* 

§1074.  The  coarse  metal  is  then  roasted,  and  again  smelted. 
As  the  fiuh^tance  has  lost  the  greater  part  of  iti  sulphur  during 
the  roasting,  it  is  not  to  be  prevented  that  a  certain  purtioa  of 
copper  should  pass  into  the  sing,  in  the  state  of  oxide,  which  is, 
however,  of  no  iniportatice,  as  the  scoriu)  must  piuu  through  other 
operations.  The  fmrnaces  for  roasting  the  coarse  metal  resemble 
those  for  roasting  the  ore,  and  the  process  is  similarly  conducted, 
with  the  exception  that  toward  the  close  of  the  operation  the  tern* 

fieratnro  is  raiiicd  higher.  Tbo  charge  ia  4  ^  tons,  and  the  routing 
asts  3t!  hours,  during  which  time  the  material  ujust  be  frc4{aentljr 
turned  with  a  take.  Tho  roasted  substance  fatU  through  the 
working-holes  r. 

The  roasted  coarso  metal  is  smelted  with  the  eopper  ore  of  the 
fourth  claas,  acoriic  very  rich  in  copper  arising  from  the  refining  of 
the  crudo  coppor,  as  will  be  hereafter  described,  and  the  scales 
from  the  rollers  heing  added.  The  smcltiug-furQuce  resembles 
that  for  BmoUiug  roosted  ores,  but  the  hearth  has  no  inner  rcser- 


*  The  rich  ilikg  la  eopiu-attd  tttm  the  poorer  portloaa  In  ad  Ingntlooa  vkniiMr: 
. — T!>«  'litg  bslng  run  out  twva  lb*  furuacu  luta  roeUii;piliu' mvitiwi,  •n4  lk«s 
«btAin«cl  In  blocks  of  about  'Ji  tvit  by  I  j,  by  1  in  depth,  is  rtmavt4  bvfor*  it  bu 
aolidillei),  but  nut  heTate  %ix  out«r  cruat  of  a  certain  IhiokiiMa  hu  formed,  utd 
BOt  tip  in  a  nlstitiDt;  [tonibn,  tlin  «tijn  nliicli  \aj  untlcruiust  in  tlio  pit,  uid  nliieb 
OOHBoqnvntly   cnntamR  nil  the   ernini  itt  mktt.  whiclt.  bir  Ib«lr  KTi'klar  ipwrtftB 

f;ruvi(j',  uccopy  Ihr  Innril  |i(i»iUon,  now  roroiiciK  tho  upper  REirfiK*.  Tbo  CalW 
»  then  laiii.-1-d  at  loll)  i-ii'Ih.  wlirti  thir  1li|iiid  iitlcrior,  wliich  is  {luar  In  copper, 
floirinK  I'ul.  IrnTve  o  huUun  bii.  u(  aUn,  lit  uufvr  side  of  irhiob  Is  Imkea  «Ht 
and  uiod,  irlulc  the  other  purls  ore  rejected. —  II.  L.  f. 
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voir.  The  fire  is  mn-naged  in  the  same  way,  but  a  higher  tempe- 
ntar«  is  prodnced,  and  the  operation  \ah»  2  hours  longer.  It  h 
endenvourrd  to  mix  the  materials  in  siicli  proporllonH  that  the 
sulphide  of  iron  in  the  stnoUing-bed  may  be  oxidi2«d  hy  the  oxygen 
of  the  metallic  oxides,  and  pass  nearly  wholly  into  thu  slug,  irhile 
the  copper  combines  with  the  KOperfluons  sulphur  to  form  the  matt. 
The  materials  react  upon  each  other  principally  after  fiuion,  the 
reaction  being  aInioHt  entirely  limited  to  a  doublo  decomposition 
between  the  sulphide  of  iron  and  the  oxide  of  copper,  nliilo  very 
little  PulphuroUB  acid  is  disengaged.  Toward  tli©  close  of  the 
operation,  the  workman  stirs  the  mass  with  hia  rod,  and  then  h\nv» 
up  the  fire  in  order  to  properly  separate  thera  ;  after  which  he 
opens  the  tap-hole,  when  the  malt  runs  out  first,  and  is  received 
in  small  canals,  while  it  is  followed  by  the  Said  slag.  The  latter 
is  separated  into  2  parts,  and  while  the  richest  are  resorrcd  for 
special  treatment,  which  yields  copper  of  the  firgt  quality,  the 
poorest  are  added  to  a  new  smelting  of  roasted  coarse  mola1. 

The  matt  is  of  a  grayish-white  colour,  sometimes  slightly  bluish, 
mod  is  called  ^)i«  metal.  It  contains  about  73  per  cent-  of  copper, 
•&d  resembles  in  composition  the  sulphide  of  copper  C'u^,  although 
it  is  rarely  entirely  free  from  sulphide  of  iron. 

The  rich  sooriie  arising  from  this  smelting  are  subjected,  as  wo 
bave  before  said,  to  a  special  treatment,  being  smelted  in  a  revcr- 
Itcratory  furnace  with  a  certain  ((uantity  of  crude  urcs  of  class 
No.  3,  which  oontain  but  few  injurious  substances,  aud  sulphur 
sufficient  to  transform  the  copper  of  tho  smcltin^-bcd  int<i  eulpliidc, 
which  passes  into  a  matt,  wmch  is  then  treated  like  the  ordinary 
mutts- 

S  1075.  The  fine  mcta!  is  subjected  to  an  operation  of  which 
tlie  ebjcct  is  to  ultimately  expel,  in  the  form  of  sulphurous  acid, 
the  sulphur  which,  until  then,  had  hvcn  preserved  as  uu  agent  of 
concentration  for  the  copper,  and  to  drive  off,  at  the  same  time, 
either  by  gasification  by  the  assistance  of  o-tygen  alone,  or  by 
eeorifieatioD  by  tho  united  aid  of  oxygen  and  silex,  the  foreign 
matters,  such  as  arsenic,  iron,  nickel,  cobalt,  tin,  &c.  This  is 
effected  by  means  of  tvro  Buceosaive  reactions  which  take  place  in 
tbe  Mme  furniicc :  iirst,  by  the  direct  action  of  the  aur  on  the  mate- 
rial kept  at  a  temperature  near  its  fusing  point,  and  liquefying 
drop  by  drop,  wliicu  operation  is  the  roatUng  of  the  matt ;  aud 
secondly,  by  the  reaction  of  the  oxide  of  copper,  which  is  formed  in 
creat  excess,  on  the  sulphides  which  are  not  decomposed  by  roasting. 
The  two  products  of  the  operation  are  ccane  or  lUttered  copper, 
wbieb  is  purer  than  the  black  copper  of  the  continental  manufaa- 
tories,  and  a  very  rich  acoriic,  whicn  is  passed  through  the  smelting 
of  the  roasted  coarse  mctat. 

This  process  is  curried  on  in  a  reverberatory  furnace  resembling 
other  Bmelting-fumaees,  but  baring  a  slde-door  through  which  the 
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matt  is  cliarged.     The  mntt  is  in  prpttj  large  calces,  which  aro 
heaped  upon  the  hearth -sole-,  wliile  the  rich  o^iklized  ores  of  tbs 
fifth  cinsa  ere  added ;  llie  charge  heing  a*bout  3  tons.     In  half  an 
hour  t)ic  nmtt  begins  to  fuse,  and  the  first  liquid  drop»  full  upoa 
the  8ole,  which  nrocvas  la^ts  about  4  hours ;  after  which  all  tfas 
mat«ria33  nrc  collected  on  the  sole  in  o  scmi-donghj  state,  when  a 
strong  bubbling  is  observed,  owing  to  the  discngngeinent  of  sul- 
phurous acid    produced    by  the  reaction  of   the  oxides  on  th^ 
sulphides.     The  temperature  is  hIIowci]  to  fall,  so  as  to  prolong, 
thia  reaction  until  the  twelfth  hour,  nt  which  ppriod  the  disengiiw- ' 
mrnt  of  sulphurous  add    ceases,  because  the    temperature  had ' 
greatly  fallen.     The  firo  is  then  blown  up,  the  materials  become' 
more  fluid,  and  llio  reaction  is  coinplelcd.     In  18  hours,  reckon- 
ing from  the  commencement  of  the  operation,  tho  msteri)il  cont&iaq' 
but  little  sulphur,  and  the  smelter  thc^n  ruiscs  tho  tcinpcniture  oJf 
high  as  possible,  In  order  to  assii^t  lIk*  si-piiration  of  iho  substances. 
In  24  boura  he  ekims  the  bath  with  his  rako,  and  runs  uff  tho 
coarse  copper   into  thin  oaJcps,  tho  surface  of  which  is  covered 
with  bliatcrs.     The  ecoris;  contain  about  20  per  cent,  of  copper.* 

S  1076.  Blistered  copper  is  rcjincd  without  the  admixture  of 
any  other  eubstaace,  the  reagents  being  atmospheric  oxygen,  th0> 
siliceous  material  of  the  solo  iind  sides  of  the  furnace,  and  that<) 
furnished  by  the  sind,  adhering  to  the  cakes  of  copper.     Thft' 
reSning'furnaco  differs  hut  slightly  from  other  Hinelting-furnacea, 
the  grate  being  merely  deeper,  in  order  to  accooiinodate  mora- 
fuel,  and  its  capacity  being  more  ample.     As  much  as  10  tons  of 
blistered  copper  arc  charged  on  tho  sole,  arrangeti  in  a  heap  rising 
aa  high  aa  the  vault  of  the  furnace.     The  process  laats  24  hours,'' 
comprising  the  time  necessary  for  chnrgiug;  but,  during  the  first] 
18  hours,   the  wurkmao  attvnJ't  only  to  the  lire.     The  copper'l 
melts  gradually  under  the  oxidi7.ing  influence  of  the  nir,  and  the 
oxide  of  copper  thus  formed  reacts,  either  imiuediately,  or  by 
combination  with  the  silex,  on  substanees  more  oxidiznblo  thai 
copper,  while  o  slug  is  formed,  into  which,  in  addition  to  suboxide'' 
of  copper  Cu,0  in  great  excess,  the  o.\ides  of  all  the  other  foreigll, 
metals  enter. 

In  22  hours,  tho  copper  is  completely  freed  from  the  sulphui 
and  foreign  metals,  and  tho  workman  then  skims  the  bath  ani' 
removes  all  tho  8cori:i>  from  its  sui'face. 

The  copper  is  then  in  the  eaoic  state  as  the  rosette  copper  of 
the  coDtiitentsl  foundries,  and  contains  a  certain  quantuy  ofj 
oxide  of  copper,  which  destroys  its  malleability ;  but  it  is  obtained*] 


*  lu  mmt  of  the  VTcbh  cappBr-works  Iht  Jht  mital  b  (nl^jeotcd  to  n  tUw 
BUcceiuWo  roulSag  »d<1  •ntelting,  tnn  irUob  lb«re  r«aalt«  ■  uatt  wbicli  in  tlual 
cu«  heMeAnarttnfvrr,  whiU  lh«  prodtMt  krisUf  IHn  lli»  «p«ratioui  dMCribtd 
in  IhU  Motion  it  cftUeil  UultrtJ  <opj/rr. 
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directly  in  a  mftlleable  atatc  in  th»  Eogltah  works  by  the  rollotring 
procflfls: — Four  or  fiv«  sbovcifula  of  chnrcosl  arc  thrown  nn  the  bath, 
which  spread  immedialolv  over  its  whole  itirrace,  ami  then  a  long 
•tick  of  grcta  wood  is  ptuuged  into  the  bath.  In  const-iiucnvc  of 
the  elovaicd  temperature  to  vhich  it  is  i>udileDly  subjected,  the  wood 
diBcngagcfl  rcdncins  guts,  which  caiuc  the  metalUc  bath  to  bubble 
atronglj.  and  considerably  Ka»ten  the  effect  which  woidd  be  iilti- 
mmtcly  producH  bv  the  charcoal  on  the  carface.  AlUr  twenty 
ntnntcs  of  this  bubbling,  the  refiner  testa  the  copper  by  inea»9  of  a 
■nail  monld  fimtened  to  an  iron  rod :  ho  dips  out  a  iiniall  itample  of 
copper,  placed  it  on  an  anvil,  and  teat.3  Us  nrntleability  by  »tniing 
it  with  a  hammer.  When  be  is  RatiRfied  with  itx  quality,  be  makes 
a  last  akimming  and  remoTcs  the  balance  of  the  cbaroml  and  the 
amall  ijuantity  of  scoriie  which  haa  formed,  and  then  runs  the  cop- 
per into  moulds. 

COPPER  OP  CEMESTATION. 

1 1077.  The  water  of  copper-niiines,  or  that  flowing  from  the 
mslung  of  roasted  ropprr-ores,  often  contains  a.  larjtc  quantity  of 
mlpblkte  of  copper,  which  ia  separated  by  prccipitatint;  it  by  metallic 
iron.  The  water  is  conveyed  into  Urge  basins,  in  wliich  iron  bars, 
plates  of  nhet't-iron,  or  serap-iron,  are  placed,  on  whieh  the  C0l)p«r 

firccipitates  in  the  form  of  a  crystalline  powder,  while  nn  ciiuira- 
enl  quantity  of  iron  dissolves.  The  copper  thna  obtained  is  called 
ccpprr  of  cementatton^  (cuivre  de  element,)  anil  is  refined  aa  nboTc 
dateribed.* 

.\LLor9. 

AUogt  of  Capper  and  Zims. 

S  107S.  Pure  copper  is  moulded  with  difficulty,  because  it  ia  ofien 
filled  with  ftawa  and  »ir-butib)es,  wliioh  spoil  the  oaatin^;  hut  by  aU 
loyin^  it  with  a  ccrlain  quantity  of  xinc,  a.  mcuU  is  ohtained  free 
from  this  objection,  harder,  and  more  ctaily  worked  in  the  lathe. 
Ztno  renders  the  colour  of  copper  more  pale ;  and  when  it  exists  in 
mrtaln  proportions  in  the  alloy,  it  ccimmimieftteii  to  it  a  yellow  hue, 
reeemblmg  that  of  gold  ;  but  when  present  in  larger  qiiontity,  the 
fxtkrar  ia  a  bright  yellow :  and  Intitly,  when  the  xinc  prL-dominates, 
the  nlloy  becomes  of  a  grayish  white.  Variniw  names  are  given  to 
theao  different  alloys.     The  one  most  used  in  tJic  ortA  is  brass,  or 

*  A  jfaailu'  BctltoJ  19  cnplojrcd  At  Stbdtbcrft.  in  Wettpliatia,  atiil  oo  Anf{leM«, 
E»(;Ulid,  to  «Ttndt  eopptr  ^nm ckrhooktcii  ore*;  (h«  Utlerb«inj(l»efe|>»d  in  inrgt 
aiiU,  ftod  covurrd  villi  wolnr,  wliitn  Rulpliurit!  »r.ui.  Rnnerated  on  tlie  iipiit  by  burn* 
U|[  mlphnr  »nd  a  *mnU  qiuntitj  of  ailrp  in  a  emtll  fbrnttoe  with  n  cIoroiI  top,  li 
ImI  tnia  tiM  pits,  •d'l  cnMuatlj  coimrta  the  roppor  tmtirotjr  Into  iiilplitte-  wkcn 
the  mMlur  liqald  boa  Meome  neutral,  it  !a  pumped  off,  «ii  j  Uie  copper  Is  pnclpt- 
totwd  froB  it  bj  tanft  of  iron. 

n«Mnc  iDclli«d  would  probablj  applj  to  llic  working  of  tli*  large  blaoki  of 
c«ipp«r  (bond  kt  Lalts  Superior. —  W.  L.  F. 
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yellow  copper,  compowd  of  about  |  of  copper  ftod  J  of  sine.  Other 
bIIotii  »rp  alHO  knoviTi  in  commerce,  by  the  names  of  tombac,  gimilor 
or  Mannheim  gold,  pxnuhbeck  or  prince  t  meial,  (chrj-socale,)  etc: 
they  contain  in  atlditiun  greater  or  leas  (|uitntitic:t  of  tin. 

Toml>ac,  used  for  ornameutal  olyccts  wliicli  are  intended  to  be 
gtlilod,  containM  10  to  14  per  cent,  uf  zinc ;  the  composition  of  Dutch 
gold,  wliicli  cau  be  hummorcd  into  very  thin  sLctits,  being  nearly  tlie 
aune.  Siniilor,  or  JVIitmihcim  gold,  contains  10  to  12  per  cent,  of 
tine,  and  6  to  8  of  tin  ;  and  pinchbeck  contains  6  to  8  per  cent,  of 
mc,  and  Ij  of  tin.  The  statues  in  the  pork  of  Vcraaillofl  arc  matlo 
of  the  following  alloy: 


Copper . 

Zinc 

Tin 

Lead... 


91 

6 
2 
1 


The  alloye  of  copper  and  zinc  arc  altered  by  a  hij;b  temperatare  und 
s  portion  of  tbe  zinc  \%  volatilisod.  If  brass  be  bested  in  n  brasqacd 
crucible  in  w  forge-fire,  the  sine  is  nearly  wholly  driven  off. 

Brans  is  made  by  melting  directly  copper  and  zino  ;  rasctte  cop- 
per being  used,  fused  in  a  crucible,  and  run  into  irater  to  grftnulato 
It.    'The  7.inc  is  broken  into  smiill  pieces.     The  fusion  is  effected  ia 
0  earthen  crucibles  which  can  contain  from 

!iO  to  40  pnund.H  of  alloy,  the  metals  being 
introduced  in  the  proportion  of  J|  of  cop- 
per and  J  of  isine,  to  which  scraps  of  brass 
are  added.  A  certain  number  of  crucibles 
are  placed  in  an  cgg-sliapcd  furnace  A, 
(fig.  'Hi,)  lined  with  refractory  brick*, 
and  supported  by  a  brick  dome,  baring 
aperturcR  tliruugh  which  the  fiamc  of  the 
fnel pftHSCB,  tho giatc  F being  immediately 
beneath  tbe  dome.  The  crucil)le,i  arc  in- 
troduced throu}:h  tho  upper  opening  of 
the  furnace,  wliitb  Is  covered,  during  tbe 
smelting,  by  ii  lid  having  a  bole  O  for  the 
escape  of  the  gases,  A  register  beneath 
tbe  grate  regulates  lie  draught,  and 
Bcnrco  for  tlio  extraction  of  the  crucibles. 
When  the  alloy  ia  fused,  tlio  crucibles  are  removed  with  tongs,  and 
tbe  brass  run  into  clay  monlda;  and,  sumotiuics  it  i«  run  between 
two  very  smooth  elaha  of  granite,  kept  at  a  proper  distance  from 
each  other  by  iron  rods. 

Small  quauliliea  of  lead  and  tin  are  frequently  added  to  brass  to 
make  the  alloy  harder  and  more  casilT  worked:  braas  which  eon- 
tains  no  leail  soon  chokex  a  file,  wbicn  defect  is  remedied  by  tbe 
•ddition  of  1  or  2  hundt'odthi)  of  lead. 


I 


fig.  A74. 


iLUflls.  26£ 

ALLOVa  OP  COPPEft  ASD  TVX. 

61079.  Copper  and  tin  mix  in  various  proportiotu,  and  form 
llIoTB  which  differ  raatly  in  appearance  and  phyBicil  propcrlies,  as 
[tin  imparts  a  grent  degree  of  hardness  to  copper.     licfore  llie  »n- 
iCBts  becnnie  aoqiuiintcd  v'uli  iron  and  stce),  they  made  their  arms 
lid  cutting  instruments  nf  iroKze,  coiiipr»!=pd  of  copper  and  tin. 
Copper  and  tin,  however,  combine  with  diffieiiUj',  and  llieir  nnion 
lis  never  very  perfect.    By  heating  their  alloys  gradually  and  slowly 
*    the  fttsinir  point,  &  large  portion,  of  the  tin  will  separate  by  eU- 
jon.  which  oBcct  also  occure  when  the  melted  alloys  soLidlfy 
3wlj,  causing  circumstances  of  serioiui  embarrasiunent  in  casting 
pieces. 
Cerent  names  are  given  to  the  alloys  of  copper  and  tin,  accord- 
Bg  to  their  composition  and  lines  ;  they  are  called  f>rome  or  bran, 
tnon  mttal,  hull  metal,  tgltwope-rpeculum  metal,  etc.     All  these 
[ifclloys  have  one  remarkable  property  :  tbcy  become  hard  and,  fre- 
rqoeotly,  brittle,  when  slowly  cooled;  while  lliey  arc,  on  ibooontmry, 
~  lalleable,  when  they  are  plunged  into  cold  water,  ufutr  hamg  been 
rated  lo  rt^dness.     Tempering  product:*,  therefore,  in  these  alloys 
effect  precisely  opposite  lo  that  produced  on  Btoel. 
^N'hen  alloyn  of  copper  and  tin  art;  incited  in  the  air,  the  tin  ox- 
more  rapidly  iliau  the  copper,  and  pure  copper  may  be  sepa- 
by  continuing  the  roaisting  for  a  aftfEeicnt  length  of  time. 
The  following  are  the  principal  alloyD  of  copper  and  tin  : 
Cuinon  metal,  which  in  France  is  thus  composed: 

Copper 100  90.09 

Tin _11  O.&l 

111  100.00 

Bell  metal,  which  contains 

Copper 79 

En ^ 

100 
Cyzabal  and  tam-tam  metal,  composed  of 

Copper 80 

Tin 20 

IDO 

Taletoope^peooltnn  metal,  made  of 

Copper 6T 

Tin J3 

100 
Bronie  for  medals  varies  slightly  in  its  composition,  ojid  generally 
DDusnof 

Copper 95 

Tin' 5 

Zinc some  thoofiandths. 
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Uronse  need  for  tbo  mo-Dufncturcof  ornamfrotal  objects  gcncrallv 
QcmtaiDii  larger  tjuaiititioa  of  zinc.  A  portion  of  ilio  amall  Freneh 
coin  U  made  of  allocs  of  copper  and  tin ;  and  Although  the  red 
"sous"  consist  of  nearly  p.ure  copper,  the  yellow  **80Uii."  cotued 
ooder  the  ilcpublio,  from  a  metal  obtained  by  mcltinc  the  bells, 
contain  on  an  arcrugc  8(J  of  copper  and  14  of  tin.  Otlior  "sous" 
made  during  the  KcpuMic,  with  refined  bcll-mcta.l]aro  composed  of 
96  of  copper  and  i  of  tin. 

Cannon'C(i*tinff. 

§  10S0.  Oun>inetn]  mant  fiitlil  several  important  conditions.  It 
should  bo  very  tenacious,  that  the  pieces  may  not  burst  aadcr  the 
enoriDOus  presHure  caused  by  the  explonion  of  the  powder,  while  it 
should  bo  aufficiently  hard  not  to  be  injured  by  the  ball,  which 
strikes  the  sides  scTeral  times  before  leaving  the  muzilr ;  and, 
lastly,  it  should  be  fusible,  because  large  gone  can  only  be  made 
by  casting. 

Copper  and  iron  are  the  only  metals  which  possess  sufBcient 
tenacity ;  but  as  pure  iron  will  not  fuse  very  readily,  it  is  necc»swry 
to  substitute  for  it  casl>tron,  the  teitaeity  of  which  is  much  inferior. 
Copper  poRscsscs  gi'eat  tenacity,  but  is  too  soft;  and,  in  rapid  ser- 
vice, would  soon  be  no  battered  as  to  be  useless.  Recourne  must  then 
bo  had  to  alloys  of  copppr  with  other  metals;  and  long  experience 
has  shown  that  alloys  of  copper  and  tin  are  the  moBt  jiuiialile ;  but 
as,  Tvliilc  tin  greatly  increiL*e&  the  bardnese  of  copper,  it  diminishes 
its  tenacity,  it  becoines  npressary  to  stop  at  certain  proportions  of 
the  two  metals,  at  which  the  alloy  possesses  both  the  requisite  de- 
gree of  hardncfiis  and  tenacity.  These  proportions,  which  nave  been 
actemiined  by  otimcrDUS  experiments,  made  ut  various  times  sjid  in 
diiTcrent  countries,  hare  bct-n  filed  at  11  of  tin  for  lOU  of  copper. 
It  has,  however,  been  ascertained,  that  for  pieces  of  a  calibre  below 
8,  an  alloy  of  8  or  S*  per  rent,  of  tin  is  preferable.  Many  experi- 
ments have  also  been  made  to  uncertain  if  the  alloy  could  not  be 
improved  by  the  addition  of  other  metals,  as  tine,  iron,  or  lead ;  hut 
these  complicatod  alloys  have  all  been  rejected,  on  account  of  the 

Ct  variation  of  their  results;  and  pieces  were  frequently  rcn- 
d  useI«M  in  consequeni^e  of  the  dilTiculty  of  obtaining  such 
ftU^fs  homogeneous  and  of  uniform  composition. 

The  use  of  cast-iron  for  the  manufacture  of  cannon  is  long  suhae- 
qucDt  to  that  of  brass.  As  it  is  cheaper,  it  might  be  very  advan- 
tageously substituted  for  bronxc,  but  it  is  very  brittle,  and  pieces  of 
the  sn:ine  calibre  must  be  much  thicker  than  of  tbo  latter  metal, 
thus  becoming  too  ponderous  for  field-service.  They  are  well  adapted 
to  stationary  batteries,  fortifications,  coast  defence,  and  stuu^of  war. 
Caet-iroD  guns  ring  much  less  than  those  of  bruuxc,  ujiO,  for  this 
reason,  are  preferable  on  board  of  sliip^  where  brass  pieces,  on  the 
lover-deck  battcricr,  would  nuiko  a  uoisc  insupportable  by  the  gun- 
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Bcre,  V«t7  8dft  cast-iron,  mide  with  charcoal,  phonld  alone  te  nscd 
for  artillery  ;  and  wimft  of  the  Hwedish  iron  ia  highlv  valueil  for  this 
piupose. 

The  riimnc<^  in  which  branzc  in  molted  >thonl()  contain  no  oxidix- 
inc  j^aaes,  and  the  stmoaphoric  air  travcrning  them  nhoiild  be  de- 
prived by  combiiHtion,  as  far  as  possible,  of  iti  oxygen,  because  the 
tin,  which  is  more  oxi<)izabIe  than  copper,  would  constantly  separate 
from  the  alloy  in  the  form  of  oxide,  and  the  composition  of  tho 
brotis«,  al  the  time  of  casting,  would  not  be  known  with  certainty. 

I^gs.  575  am)  576  represent  a  melting-furnace,  ^eed  in  the 
csnnon<foun(lrv  at  TohIohbc.  It  is  n  circiilnr  reverhoratory  furnace 
A.  with  a  eurbased  dome,  h«at«d  by  the  ^rntc  F,  on  which  amalt 
billetj)  of  wood  are  bnrned.     The  wood  being  charged  through  the 

Pijt.  R76, 
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Fig.  fiifl. 


opening  <>,  a  thick  layer  of  fuel  is  heaped  on  the  grate,  in  order  that 
ihc  ■tmoBpheric  air,  which  does  not  enter  the  fnrnace  until  it  has 
passed  through  tho  fncl,  ehall  be  completely' deprived  of  its  oxyjzen. 
The  draught  in  regulated  by  4  elongated  working-holea  k,  h,  arising 
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from  th«  hcartH-«olo  nod  tenoiaatiiig  at  tLe  vent-holes  eg,  tg,  wbich 
{iptn  into  the  cbimney  C,  by  meatis  of  which  nrrangement  the  flamo 
u  obliged  to  spread  over  the  metftllio  bath  which  covers  the  hearth- 
sole.  Near  the  furnace  are  cavities  M,  M',  lined  with  cemeot  to 
preserve  thom  from  dftmpnc&ii,  nnd  in  which  the  moaUls  arc  placed, 
and  kept  firm  by  hetipitig  earth  arniind  them,  llie  moulds,  which 
8r(i  made  nf  cloy,  cow's-hair,  and  horse-dun^;,  intimately  inixftd,  are 
fashioned  on  a  modtd  in  relief,  partly  of  earth  and  partly  of  plaster, 
which  ]»  destroyed  when  the  monid  i^  finished,  and  strengtbcnod  by 
iroa  bands  or  loops.  Above  tho  mouth  of  the  eun  Is  a  proloiigation, 
called  the  magtehrte,  or  lump,  ihfi  use  of  wTiich  will  soon  be  ei- 
pUlned.  The  moulds,  after  being  baked  at  a  high  temperature,  Bo 
u  to  dry  thoni  as  much  as  possible,  are  fixed  in  their  places,  lh« 
breech  being  downward.  Between  the  tap-hole  i  and  the  moulds, 
canals  are  made  which  convey  the  liquid  bronie  into  each  mould; 
end  above  is  a  railway  ab,  with  a  car  R,  containing  a  capstan,  by 
means  of  which  the  moulds,  when  filled,  can  be  lifWl  out  and  carried 
away. 

Moulding-aand,  so  well  adapted  to  the  moulding  of  cwt-iron  and 
other  mctnln,  has  hi'itn  ttohRtituted  for  the  earth  with  which  the 
moulds  are  made,  but  never  with  saocess,  as  tho  walls  of  the  Mtnd- 
mould  arc  too  compact  and  too  impervious  to  cases.  Now,  imme- 
diately afler  the  casting  of  bronze,  the  metal  iliBengages  numerous 
gaseous  bubblcji,  which  pass  through  the  porous  walls  of  the  mould, 
and  present  less  resistance  than  ihc  high  column  of  melted  metal; 
vhlle  in  the  aand-moulda,  the  gaaes  not  being  able  to  escape  through 
tiie  ffideo,  produce  a  oonetant  bubbling  in  the  mafia,  giving  riac  t« 
numernus  naws,  and  assisting  the  separation,  by  elii^uattou,  of  tho 
tin,  or  alloys  rich  in  tin. 

Tho  charge  of  a  furnace  is  composed  of  old  brass,  chiefly  con- 
demned cannons,  and  maasclottes  taken  from  pieces  previously  co«, 
with  brass  turnings  taken  from  the  lathe  or  the  boring^machine, , 
and  a  certain  qiinntity  of  new  metalx,  copper  and  tin,  bcRidcfl  KfhitM 
metnh,  or  alloys  very  rich  in  tin,  whicli  separate  by  eli(|iistion  m 
the  moulds,  "th^  proportions  of  copper  and  tin  in  the  several  com- 
ponents being  detcrmmed  by  analysis,  they  are  mixed  in  the  pro- 
portion of  TOO  copper  to  13  tr  14  tin,  wliich  is  reduced  by  oxidation 
of  tin  in  the  furnace  to  the  normal  proportion  of  100  ;  11. 

Till?  condemned  cannoas  and  masselottes  are  laid  on  the  he&rth- 
flole,  near  the  bridge,  whore  the  temperature  is  highest;  while  tlio 
copper,  which  should  he  very  pnre,  in  bars,  and  the  lurnings,  are 
placed  thereon,  the  white  metals  and  tin  being  added  at  a  later 
period.  In  (!  or  7  hours  the  maw  is  almost  entirely  fused,  and  tho 
flame  escapes  by  every  avenue.  The  ameltcr  first  stirs  the  material ' 
with  sticks  of  very  dry  wood,  and  draws  the  portions  which  arc  not 
melted  toward  the  bridge ;  after  which  he  completes  the  charge  by 
adding  the  white  metats  and  tin,  which  he  rums  in  the  form  of  pigs 
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into  diflcrcDt  porta  of  the  bnth.    lie  stirs  it  a  tuecond  time,  in  order 
lo  render  ic  homogeneous,  and,  after  skimming  off  the  supernljun-, 
dant  acorin;,  closes  the  doors  of  the  furnace  anoT blows  np  the  fire,  to  i 
brinfT  the  alloy  to  u  proper  state  of  liquidity;  stirs  and  skims  it  ft-j 
third  time,  anu  then  ojitnn  the  tap-hole.    Other  workmen  direct  th« 
mehed  metal  ialo  each  monld. 

A.  TcmarkiMo  phenomenon  ensues  in  a  few  moments  after  the 
ig.     A  bubbling  takes  place  in  the  ujiper  part  of  the  moul^ 
^■pTojwrtionod  to  the  aixo  of  the  piece  nnd  the  elevation  of  tempi 
poraturc,  aud  a  portion  of  the  broiixo  rises  iu  tho  form  of  a  mush- 
room, being  no  allov  much  richer  in  tin  than  tho  can  metal.     A 
partial  eliquation  llicreforo  t^ikes  plncc  during  the  cwiling,  which 
causes  the  separation  of  an  nlloy  more  fusible  nud  eontiiining  mora  i 
tin.     The  compoaitJon  of  the  piece  itself  ia  not  uniform,  a»  tho  pro»J 
portioD  of  tin  diminishes  from  tho  breech  to  the  upper  part  of  tb4^ 
masselotte.     The  iutctitioa  uf  the  rau«selottea  is,  not  only  to  gxot\\ 
considerable  hydrostatic  pressure  on  the  lower  strata  of  the  pieoo, . 
but  also  to  furnish  metal  ueccssary  to  compenaate  for  the  contrai>-, 
tion  of  the  metal  by  coolin<;  and  its  loss  of  substance  by  eliquation. 

TtcIvd  boura  after  the  casting,  the  earth  is  cleared  away  in  ordor  I 
to  hasten  the  cooling  of  the  moulds  :  and  the  latter  are  removed  after  ' 
48  hoars,  broken,  and  the  cast  guns  carried  to  the  boring  and  turn- 
ingBhops. 

When  the  eurfnee  of  the  piece  is  tamed,  and  it  has  been  bored  to 
a  certain  puiut,  it  is  exumiued  to  uscL-rtatn  if  it  he  free  from  Huch 
defects  as  would  render  it  unserrieoable.  Sueh  dcfectg  nre  varioug, 
and  called  by  diflereut  nnmo*  ;  but  they  arc  nearly  all  produced  by 
Sanation  of  the  tin  or  very  fusible  alloys. 

Piatn,  or  bui>hle»,  are  cavities  with  smooth  surfaces,  produced  by 
bobbles  of  gBB  which  have  been  unable  to  escape ;  while  htnitueoinhi 
arc  cavities  with  rou;;h  surfaces,  arising  from  irre^lar  distribution 
of  the  materials  or  badly  proportioned  alloy;  and  worvi'hoU*  are 
similar  but  smaller  cuvittcs.  Ceiidruret  are  owing  to  impurities  in 
the  alloy,  remaining  in  the  mptal,  or  detai-hed  from  the  sides  of  the 
mould  ;  and  tm-tpoU  arc  produced  by  small,  very  hard  masses  of  an. 
alloy  containing  20  or  2o  per  cent,  of  tin,  which  became  separated] 
by  eliquation,  and  were  unable  to  ascend  as  far  as  the  massclotte. 
Blaatt.  or  cracks,  (stfflel-s.)  which  are  longitudinal  nr  traverse  grooves, 
fiometimes  extending  through  tho  whole  thickness  of  the  piece,  are 
likewise  owing  to  a  separation  of  the  tin. 

If  the  piece  is  found  t«  be  perfect,  the  boring  and  tumitig  are 
completed,  and  it  ia  subsequently  examined  and  proved  according 
to  the  rcgulotioii.s  of  the  service. 

TnaMKO  OF  COPPER  AND  BRASS. 

$1081.  The  DM  of  copper  and  brass  for  colinary  purposM 
dangeroDi),  on  account  of  the  easo  with  which  copper,  on  oxicUxini 
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gravity  of  the  meUil  in  the  liquid  state  is  IS-f^Sd,  st  a  temperstnre 
of  82°.  Mercury  expands,  while  paiuiing  (rom  82'  to  212°,  by  a 
fraction  0,018153  of  itis  volimic  iit  82"^,  or  hy  ^  for  every  degree, 
which  is  equal  to  i^  for  each  ccntiRradc  degree.  It  boils  nt  662* 
of  the  nir  thermometer,  iind  the  density  nf  its  viipour  is  6976.  TItc 
tCD^on  of  the  vapoar  of  mercury  ia  appreciable  at  the  ordinary  tem- 
perature, although  it  is  too  feeble  to  be  accurately  moamircd;  but 
the  volatility  of  mercury  is  placed  beyond  doubt  by  the  action  which 
the  metal  exerts,  at  the  ordinary  temperature  and  distance,  on  da- 
suerreotype  plates  which  have  been  exposed  to  iodine  and  affected 
by  light.  The  globules  nf  mercury  which  coDilensc  in  the  upper 
part  of  the  vacuum  of  liai'o  meters,  also  attest  its  volatility.  At 
the  temperature  of  212°  the  trillion  of  mevnirial  vapour  ia  about  J 
millimetre.  By  boiling  the  metal  with  water,  in  a  glass  retort,  a 
coneiderabic  quantity  of  mercury  in  difitilted.  Below  f!2°  the  toU- 
tilixatidii  of  mercury  is  nearly  iiiappri'ciable,  and  its  vapour  Hppeors 
to  no  longer  posecss  the  expauhive  force  characCeristing  clatitic  fluids. 
In  fart,  on  KU.>>pending  a  leaf  of  gold  in  a  bottle  containing  a  timatl 
Quantity  of  mercury,  and  allowing  the  bottle  to  rest  for  eeveral 
aajs  in  a  low  temperHtiire,  the  leaf  in  whitened  by  the  mercurial 
vapour  only  to  the  height  of  a  few  centimetres  above  the  surface  of 
the  bath,  the  upper  portion  always  letaiiting  Its  charactcriatic  ycl* 
low  colour. 

§  1U84.  The  mercury  of  commerce  ia  nearly  pure  when  it  comeB 
directly  from  the  furnace,  wliile  that  used  in  the  laboratory  almost 
always  coutaina  small  (|uantitie»  of  foreign  metals  and  oxide  of  mer- 
cury in  solution.  After  some  time,  especially  tn  summer,  mercury 
abeorba  oxygen  from  the  ait ;  and  when  t]ie  metal  is  agitated,  the 
oxide  is  Bealtered  through  the  whole  uiasH,  but,  when  at  rest,  rtsea 
to  tho  Borfaco  and  forme  a  giny  pellicle.  When  mercury  ie  pure,  it 
adheres  neither  to  glass  nor  to  porceiaxn,  but  flows  freely  over  iw 
eurface;  but  when  it  contains  foroigu  matters,  or  even  oxide  of 
mercury,  it  adheres  remarkably,  and  on  rolling  it  slowly  over  a 
olafls  pUto,  does  not  form  ephcrical  globules,  but  drops  elongated 
m  the  shape  of  tears,  which  are  wriuklcd  on  their  euiTsce,  and  leave 
a  gray  pellicle  adhering  to  the  glai*^ :  the  mercury  is  then  said  to 
leave  a  taiiy  (faire  uiiu  queue.)  I'lic  mercury  of  the  laboratory 
cistern  may  bo  greatly  purified  by  passing  over  the  aurfaoo  of  the 
bath,  a  very  dry,  largo  glasa  tube,  to  which  tho  supcrScial  pcUicic 
of  gray  oxide  adhcros,  and  may  thus  be  removed. 

Mercury  ia  purified,  in  the  first  place,  by  diatiDution,  which  opera- 
tion is  eiutily  effected  in  the  cast-iron  bottles  in  which  it  ifl  usually 
transported.  One  of  theee  botllca  being  half-filled  with  merciuy, 
and  a  cunxd  gun-kairel  ahc  Introduced  into  itA  mouth,  the  bottle  ia 
arranged  in  a  furnace,  as  represented  in  fig.  677,  and  a  tube  ed, 
formed  of  several  hiyerK  of  linen  and  dipping  into  a  pan  of  water, 
ia  attached  to  the  guu-barrel.     I'he  end  of  the  latter  and  the  Hnea 
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»rc  kept  wet  by  *  atream  of  waler  flowing  oonstftntly  ;  uud,  lastly, 
the  bottle  U  heated  to  ihe  boiling  point  of  mercurj,  kLoii  i-l>ullitioa 
takta  plftce  with  violent  bubbling,  and  tbc  merciirj  rlidtits  over, 

)c«Tirig  ibi!  gi'cster  pro- 
portion of  tlic  foreign 
metals  in  the  Wttlc.  A 
considorublo  quantity, 
however,  is  carried  otct 
by  di&tiltatioi),  und  iC 
amtiot  be  c^pectt-d  to 
obtttin  pure  mercury 
frotu  u  single  operation. 
The  distilled  mercury  ia 
placed  in  a  cast-iron  ro- 
eeirer,  ordinary  nitric 
aeid  diluted  with  twice 
its  weight  of  water  is 
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pouwd  Upon  it,  and  it  is  L«aled  to  50*  or  (50* :  when  protoiiitrate  of 
nicrcuni'  is  foruied,  which,  together  with  the  free  scid,  reart  on  the 
forejgu  luetals,  while  the  latter  dissolve  in  the  acid  Itiiuid,  tli(>  oxide 
pf  mvrctiry  which  may  hare  formed  by  contact  with  thfi  nir,  during  J 
distilUtiou,  aUo  eiitvring  iuto  sulultuii.  The  acid  id  allowed  to  act 
for  Bt  leaac  24  hour^,  stirrinir  the  moea  from  time  to  time;  and 
Isatly,  it  is  l^eiitly  bt'ated  to  drive  off  the  water,  wh(;n  tho  nitrate 
of  mercury  remains  in  the  form  of  a  eryetalUoc  crust,  which  is  re- 
nured,  aiid  from  which  the  metallic  mercury  can  be  cxtracted- 
Tlie  mercary  is  washed  rapidly  in  water,  and  dried,  first  with  tissue 
paper,  and  then  under  a  bell-glass  with  quicklime. 

The  diiiillaiiou  of  mercury  frees  it  so  imperfectly  from  foreign 
eubstuncca  that  it  is  rarely  useful,  and  it  is  in  all  cuecs  preferable 
to  treat  the  impure  mercury  direutly  with  nitric  acid  and  repeat  the 
operation  as  often  as  may  be  ncffsBury. 

When  mercury  merely  contaiuts  oxi(lc,  it  is  sufSeient  to  place  it  io 
&  bottle  with  a  small  r^uanlity  of  concentrated  sulphuric  acid,  and 
to  duke  it  from  time  to  time,  in  order  to  bring  all  its  pari*  into  cod- 
t»ct  with  the  acid.  In  2  or  3  days  tho  acid  18  poured  off  and  the 
mercury  washed. 

After  a  time,  mercury  exerts  a  deleterious  action  on  the  animal 

[•oonomy.     Workmen  in  thin  metal,  or  those  who  are  frequently 

[■exposed  to  its  vapomrs,  are  liable  to  puralysii^  and  copious  sutivntion. 

Wc  baTc  roentioucd  that  mercury  abaorba,  after  some  time,  a 

vniall  quantity  of  oxygon  from  tho  air,  even  at  tho  ordinary  tem- 

|>craturc ;  but  the  oxide,  mixed  with  or  di^aolred  in  a  larf^e  quantity 

of  free  metal,  forms  a  gray  pellicle,  which  adheres  to  frluss,  or  the 

eorfJaoc  of  the  bath.    In  ordvr  to  imcertain  that  the  pellicle  contains 

axide  of  mercury,  it  euffices  to  diwil  a  certain  quantity  of  it  in  a 

dUTCDt  of  nitrogen  gas,  when  it  deposits  a  small  cryetallinc  residue 
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of  red  oxide  of  mercury.  Oxidation  advances  more  rapidly  at  t)i« 
boiling  point  of  mercury ;  and  by  boiling  the  metal  slowly  in  &  lona:- 
neckccl  bulluuu,  into  wliich  llie  air  eniera  freely,  a  conitidprable 
quantity  of  oxido  of  mercury  can  be  produced  in  the  form  of  email, 
red  prismatic  crystals.  This  oxide  was  originally  prepared  in  thia 
inSt  ^^^  called  by  tho  old  chemista  vrecipitate  per  te  ;  and  it  bad 
^eady  been  sbown  (note  to  §95,  vol.  i.)  that  by  keeping  mcrcniy 
for  ft  very  long  tim*  at  a  temperature  approaeliing  its  boUiiig  point, 
it  is  possible  to  determine  by  approximation  tlie  coiiipo«ition  of  at- 
mospfioric  air. 

Conceiitrtited  chlorohydric  acid  docs  not  ecnisibly  act  on  mercury 
even  when  bot,  and  dilute  sulplmrie  acid  dot^s  not  attack  it;  while 
concentrfttcd  hot  sulphuric  acid  soon  trnngformg  it  into  solphate  of 
mercurv,  with  disengagement  of  sulpburoui*  acid. 

Nitric  acid,  eten  when  cold,  attacks  mercury  when  tho  «cid  is 
dilate,  while  deutoxide  of  nitrogen  is  diacugagea. 

COMPOUNDS  OF  MERCmtY  WfTH  OXVOES, 
§1055,  Two  compounds  of  mercury  with  oxygen  are  known;  the 
leas  oxygenated,  to  which  wo  shall  give  tbc  tianio  of  black-oxide,  or 
auhoxide  of  mercury,*  corresponding  to  tho  formula  Hg,0 ;  while 
the  formula  of  the  more  oxygeaated,  wliich  we  shall  call  red,  or 
protoxide  of  mercury,  is  HgO. 

Suboxide  of  mercury  UgaO  U  not  a  very  fixed  compound,  but 
forms  with  the  aciils  wfll-define'l  salts,  wliicli  crystallixe  readily.  It 
ia  obwincd  ly  precipitating  one  of  ita  enlts,  the  nitrate,  for  example, 
by  caustic  potasso,  when  a  black  precipitate  is  formed,  which  de- 
composes epontaneouply  into  tho  red  oxido  and  roclallic  mcrcnry. 
By  grinding  the  powder  in  a  mortar  fur  some  time,  small  globtil<-5 
of  metallic  mercury  will  be  fonnd,  which  decomposition  takes  ploco 
much  more  rapidly  at  the  temperature  of  212",  or  even  at  the  or- 
dinnry  temperature,  when  assisted  by  solar  light. 

The  protoxide  or  red  oride  af  mtrcury  HgO  is  formed  when  mer- 
cury is  oxpoBod  to  the  air  at  a  high  lemperatore,  which  procioss, 
however,  yields  ddIy  a  email  quantity;  and  It  ia  more  eaiuly  ob- 
tained by  decomposing  nitrate  of  mercury  by  modei-ate  heat.  ITjo 
same  oxide  is  obtained  by  calcining  the  subnitrate  He,0,NO,  or 
the  protonitrate  HgO.NO, ;  but  the  product  differs  eligbllv  in  a]>- 
penrmice,  according  to  the  nature  of  the  nitrate  from  whicn  it  wbs 
foniiod.  TbiLs,  the  nitrate  HgCNO,  in  small  crystals,  produces 
eryslnllinc  oxide  of  mercury  of  a  hrickdnst  colour,  while  the  nitrsto 
HgjOjNO.  yivlda  an  orange-yellow  oxide. 

By  adding  polagsa  to  a  solution  of  protonitratc  of  mercnry 

'  TIio  Dame  cf  pntaxiile  Ib  eomeiimeii  gircn  to  ibe  mboxlde  of  mcrcarr  BgkO, 
and  Ihkl  of  binoMc  to  tlic  proUjxi  Jo  IIkO  i  ire  tliall  aoC  ftdopl  lili  aomeoctaturr, 
Jm  the  rctwae  gi»tii,  [\  IMV,)  bcM«M  i(  daoi  not  ngcM  ulili  our  oheuiMii 

fiHlDDlie. 
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HgO,NO^  a  y«Ilow  pncipitote  of  tuliydroQa  oxide  of  mercury  i& 

The  red  and  the  yellow  oxide  of  mercOTy  conatitnte  two  isomcrifl 
states  which  are  evinced  in  Bom*  chemical  reactions.  The  non- 
calcinod  yellow  oxide,  that  ia,  the  oxide  obtained  by  the  humid  woy, 
is  more  CAsily  attacked  by  clilorine  thnn  the  red  oxide,  and,  when 
cold,  ecnnbine!!  with  oxalic  acid,  which  nnder  the  eamc  circnniiitaDees 
ezeitB  DO  action  on  the  red  oxide. 

SALTS  FORMED  BT  THE  8CB0XIDE  OF  MERCDltT.  Hg,0. 

$  1086.  The  suboxide  of  nicrcuTy  HgjO  forms  with  the  raiiiority 
of  the  acids  well-defined  salts,  which  are  often  called  tcUt*  oj  mer- 
cury  at  tht  minimum.  The  subnitratc  ts  obtaiacd  by  dissolving 
cold  mercory  in  dilute  nitric  acid,  talcing  care  to  keep  the  mercury 
ID  excess;  and  the  swhsiilph.itc  ia  prepared  by  heating  mercury 
ID  excess  with  concentrated  »tdidniric  acid.  Many  salts  of  mercury 
mX  the  minimtim  are  prepared  by  double  decompnnition. 

Suboxide  or  mercury  forms  several  salts  with  the  same  acid;  and 
tbe  neurral  salts  are  colnurleM  whon  the  arid  is  free  from  colour, 
while  the  ba^ic  salts  are  yellow.  The  latter  arc  insoluble  in  water, 
while  the  majority  of  the  neutral  salts  produce  colotirlcss  solutions. 
Some  neutral  salts  of  the  suboxide  ore  decomposed  by  water  into 
baric  salts  which  are  preeipitited,  and  salts  with  excess  of  acid 
whicli  diaeolvc.  Tbwc  sitlta  arc  known  by  the  following  characters : 
The  caustic  alkalies  .-iiid  ammonia  throw  down  a  blxck  precijiltate, 
inaoliible  in  an  excess  of  rengcut,  aud  which,  whc-u  slightlv  heated, 
yields  globules  of  metallic  mc-reury.  If  it  he  rubbed  with  a  blade 
of  Teiy  bright  copper,  the  latter  becomes  white  by  being  alloyed 
wiih  the  mercury.  The  alkaline  carbonates  yield  airty*ycllow  prc- 
[eipitates  which  soon  turn  binclc. 

Pmasiale  of  potash  throw*  dovTn  a  white  precipitate. 
Sulfhydric  acid  gives  a  hlnck  precipit ji le,  and  the  alkaline  sulf- 
pijdratw  yield  the  same  precipitate,  which  docs  not  dissolve  ia  an 
of'the  reagent. 
Chlorohydrio  acid  and  the  chlorides  throw  down  a  white  precipi- 
ite  of  chloride  of  mercury  IIg,Cl,  perfectly  insoluble  in  water  and 
'  dilute  acids. 

Iodide  of  potasHum  gives  a  greenish^yellow  precipitate,  which  dis- 
[.•olves  in  an  excess  of  reagent. 

Iron,  xinc,  and  nopper  precipitate  mercury  from  its  solutions,  in 
i  (lie  state  of  an  amalgntn. 

Subnitratf*  of  Mtreury. 

!  10B7.  Suboxide  of  mercury  forma  several  compounds  with  nitric 

I  Acid.  The  neuLrat  nitrato  is  i)btained  by  pourin^^  an  excess  of  diluto 

nitric  acid  on  metallic  mcrcur)',  and  allowing  the  action  to  ensue  ID 

the  cold ;  when  the  mercury  oxidizes  at  the  cxpeiue  of  the  oxygen 
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of  a  portion  of  tbe  oitric  acid,  and,  &fter  some  time,  lai^t]  colour- 
less crystals  ofsubnilrftte  Reparate,  the  fdnnuU  of  which  U  Hg,0,NOj 
+2H0,  and  which  dissolve  in  n  Fmall  quantity  of  cold  wntcr,  but 
are  docompoeed  by  a  large  quoDtitj  of  this  fluid,  a  basic  nitrate 
bfiing  precipitfttod,  vbich  ma^r  be  redt»solved  b;  the  addition  of 
nitric  acid. 

If,  on  the  contrary,  dilute  nitrio  acid  be  added  to  a  largo  oxccn 
of  metaUiu  mercury,  and  allowed  to  react,  when  cold,  for  a  sufficient 
length  of  time,  the  metal  becomes  covorod  with  large,  rolourless  crys- 
tals, geiiL'rallj  veil  defined,  belonging  to  a  basic  nitrate,  of  wliich 
the  formula  is  811^,0,2X0^+3110.  If  this  salt  or  the  neutral  ni- 
trate bo  treated  with  tepid  water,  a  bibasic  nitrate  of  the  formuU 
SlIgjOiNO,  is  oTjtained.  By  boiling  the  latter  compound  with 
water,  it  is  converted  into  a  green  powder,  which  appears  to  l«  » 
Btill  more  basic  nitrate. 

The  neutral  nitrate  is  easily  distiriguishiMl  from  the  basic  nitratM 
by  rabbiDg  them  up  with  a  concentrat«d  solution  of  ^ca'^alt,  in 
which  case  the  neutral  nitrate  roraaina  colourlcRs,  because  the  mer- 
cury passes  entirely  into  the  state  of  chloride  HgiCl,  while  tbe  baaoo 
nitrates  turn  blackiah  gray,  because  suboxide  of  mercury  Hg,0  t8 
separated  simultaneously  with  tlie  chloride  Hg,Cl. 

)Vbcn  n  dilute  solution  of  anunonia  is  added  to  an  eqnally  dilute 
solution  of  aubuitrate  of  mercury,  a  gray  preoipitnio  of  the  fonuol* 
(NHj-(-3Hg,0)N0,  is  obtained,  and  which  is  used  in  pharmacy 
under  the  name  oi  Boluble  mercury  of  ffahncmann.  The  composi- 
tion of  thi»  precipitate  varies  according  to  the  couccutratioa  and 
temperature  of  the  eulutions. 

SubiMlphate  of  McTcury,  ^p 

§  1088.  By  adding  giilpburic  acid  to  a  solution  of  subnitrate  cf 
mercury,  the  eubsuiphatc  iis  precipitated  aa  a  wliitc  crystalline  pow- 
der, which  is  very  slightly  soluble  in  water,  one  part  of  ^e  aalt 
requiring  GOO  parts  of  cold  and  300  of  boiling  water.  It  ia  also 
obtained  by  healing  concentrated  sulphuric  acid  with  a  large  exceaa 
of  mcrciuT,  but  it  is  difficult  to  prevent  the  forination  of  the  prcto- 
gulphato  HgO,SO,. 

SubcarlonaU  of  Mercury,  H 

§  lOSd.  Bj  pouring  a  solution  of  carbonate  of  snda  into  a  solu- 
tion of  subnitrate  of  mercury,  a  white  granular  precipitttto  of  the 
formula  HgjOjCO,  is  obtained. 


SALTS  OF  THE  PROTOXIDE  OF  UEBCUUY,  HgO. 

§  1090,  The  neutral  salts  of  the  protoxide  of  mercury  HgO 
colourlesH,  tvhilo  the  basic  salts  are  yellow;  and  their  solutious 
hibit  the  following  reactions : 

Caustic  potassa  and  soda,  in  excess,  yield  a  yellow  precipitate  of 
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the  protoxide,  while  ammonia  in  general  produces  white  ppccipitatcB, 
<»ODbunmf;  ammoaia  or  lU  elements. 

Carbonate  of  potussa  thrown  down  a  red  precipitate,  which  does 
not  dissolve  in  an  excess  of  reafi;ent,  and  carbonate  of  anuQonia 
gives  a  white  precipitate. 

The  aDcaline  pliospliates  and  arseniateii  form  white  precipitates, 
easily  floliibic  in  nii  pxcrss  of  aciil. 

Sulf  liydrif  acid,  in  small  qiiatitity,  ihriiws  down  a  white  precipi- 
tate, which  contains,  at  the  Mine  time,  snlfhydrio  acid  and  the 
elements  of  the  mercurial  tuUt;  while  the  same  acid,  in  hirger 
qnantitj,  prodaoes  an  orange  precipitate.  But  if  tlie  solution  of 
the  meroarial  Bait  be  digested 'H'ith  an  excess  of  milfhTdric  acid,  the 
precipitate  turns  black,  owing  to  the  forming  of  eulphide  of  mer- 
cQTv  IlgS.  The  alkaline  Bulfhjdrutes  altio  yield  white  or  oraogo 
precipitates  when  used  in  small  riuantity,  and  in  excei^B  they  tium 
the  precipitate  black. 

Ferrocyaaide  of  potassium  throws  down  with  protosalts  of  mcr- 
eary  in  notation  a.  white  precipitate,  which  turns  blue  after  long  ex* 
ponire  to  the  air,  the  fcrrocyanide  of  menniry  being  then  dccom- 
poecd ;  and  while  soluble  Mmple  cyanide  of  mercury  is  formed,  pru»- 
lian-btue  is  0ep«»ted. 

Iodide  of  potassium  ^ves  a  beautiful  red  precipitate,  which  may 

diasolTO  both  in  an  cxcetta  of  iilkntinc  ioitido  and  in  an  cxeess  of  the 

liparoarial  salt,  soluble  double  iudidus  being  formed  in  both  ca«e«. 

Chlorohydric  acid  and  the  solutions  of  the  soluble  chlorides  do  not 

Bipitatc  protosalts  of  mercury,  uuli-ss  their  solution  be  very  con- 

toratrsted ;  whieli  charactcriktic  distinguishes  them  from  the  subealta 

I  of  mercury,  which  yield,  in  this  ciiie.  a  whit«  precipitate  lIg,CI, 

fvhatever  may  hi*  the  degree  of  their  dilutiou.      Fu  order  to  aseer- 

[jUia  if  a  mercurial  itolutioa  coutaiai*,  ut  the  name  time,  subsaltd  and 

Dtosalts  of  mercury,  chlorohydric  acid  is  poured  into  it,  when  all 

mercury  which  existed  in  tho  etatc  of  guboxido  is  precipitated 

the  form  of  chloride  Ug,CI,  while  that  which  was  !ii  the  state  of 

(ide  ia  dissolved.     It  is,  therefore,  suiEcicnt  to  ascertain  if  the 

red  eolation  produces  ii  yellow  precipitate  of  protoxide  of  mer- 

[any  with  potass*,  or  a  red  precipitate  with  iodide  of  potaseiam. 

Protonitrate  of  Mercury. 

(lOdl.  Protonitratc  of  mercury  is  obtaiiicd  by  dissolring  ma> 
r*V7i  when  hot,  in  an  excess  of  nitric  acid,  and  boiling  the  Halt  with 
Isitrie  a«id  until  no  more  rcddiah  vapours  are  disengaged.  It  may 
I  1m  admitted  that  the  neutral  salt  exists  in  the  acid  solution,  but,  if 
fdie  latter  be  evaporated,  it  depouta,  on  cooling,  crystals  of  the 
\\uaD  nitrate  2ngO,NO^+2nO.  The  neutral  nitrate  cannot  be 
eporated  by  pouring  alcohol  into  the  solution,  as  the  bibasic  nitrate 
I  anin  precipitated.  NevertlielesM,  the  solution  with  an  excels  of 
ecttC  evaporated  to  the  consistence  of  syrup,  deposits  cry&taU  of 
Vm-IL-Y 
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neutral  nitrate,  wlieo  k«pt  for  some  time  in  a  refrigerating  mixture. 
If  ihe  prccefling  nitrates  he  diwoive^l  in  a  large  quantity  of  water, 
thej  nro  decompoHcd,  and  tlrow  down  a  while  precipitate,  of  which 
the  formiila  is  311gO,NOj+HO,  and  wliith  is  remarkable  for  ita 
great  fixednesSj  for  it  dissnlveH  with  difficulty  in  nitric  ami  Aulphuric 
acid.  Boiled  with  water,  it  again  give»  off  acid,  and,  if  the  eboUi- 
tion  were  sufficiently  rirolonged,  it  would  prnhably  he  conrerted  into 
ail  oxide.  If  a  solution  of  protonitrate  of  mertury  bo  boiled  with 
metallic  mercury,  the  eiibnitrate  HggO.NO,  is  obtained.  ^ 

ProtoKulphate  of  MercxiTy. 

§  109S.  I'lx>tosulphato  of  mercury  is  obtained  by  heating  metallic 
mercury  with  concentrated  Bulphuric  add  in  cxccbs,  a  white  crys- 
tailino  powder  being  formed.  But  the  evaporation  with  eulpbaric 
ucid  must  be  prolonged  until  cupioiu)  'I'apount  of  the  acid  are  given 
as,  othorwiec,  the  proti>Bii]iihate  of  uioreiiry  would  be  mixed  with 

bsulphato.  This  coinpound  is  often  prepared  in  manufactories 
of  cbumicals,  bccauite  it  is  used  in  tbe  manufueturc  of  the  chloride 
of  mercury  IlgCt,  or  corrosive  euhlimatc.  Otic  part  of  mercury 
and  aligbtly  moro  than  1  part  of  cunventi'ated  aulpburie  acid  are 
tlicn  hciktcu  in  a  glass  retort,  and  when  the  metallic  mercury  has 
disappeared,  the  beat  is  siill  continued  in  a  Ba»d-b»tb  until  the  pro- 
duct t^  perfectly  dried,  when  anhydrous  sulphate  is  obtuned.  It  is 
<!eeorap^>^ied,  wbnn  treated  by  a  large  quantity  of  water,  into  a  yel- 
low basic  salt  migO.SO,,  used  in  medicine  under  the  name  of 
turpeth  mineral,  and  into  a  salt  with  a  great  excesH  of  acid,  which 
crystallizes  on  the  evaporation  of  the  liquid.  Turpeth  mineral  is 
itself  decomposetl  by  being  boiled  with  water,  and  oxide  of  mercnry 
is  left  only  at  last. 

Protochr&maUt  of  Mercury. 

§  1093.  Two  protochromateB  of  nicnrurv  are  known,  the  formuliB 
of  which  aro  3UgO,CrO.  and  4HgO,Crd,.  The  first  is  obtained 
by  pouring  protoiiitrulc  of  lucrctu-y  into  a  solution  of  bichromate 
of  potiLSsa,  or  by  boiling  tbo  yellow  oxide  of  mercury  witli  the  bi- 
chroioiite  ;  it  ia  u  brick-red  precipiuu-.  The  cbromnte  4HgO,CrO, 
ia  obiniiu'd  by  boiling  fur  a  long  tiuio  the  rod  protoxide  of  merenry 
with  u  auiutioa  of  bicbrumatc  of  potuaaa. 

Protocarlonate*  of  Mtrcwry. 

§1094.  Hy  adding  a  solution  of  protonitrate  of  tneroury  to  a 
Bolation  of  neutral  carboimto  of  potassa  in  gr«&t  excoes,  an  ochronii 
brown  precipitate  of  carbuuat«  of  protoxide  of  mercitry  is  formed, 
having  the  formula  -lUgO,CO, ;  and  if  tbo  same  oxp<?niDcnt  be 
uimle  by  Biibslituting  the  bicarbonate  for  the  neutral  alkaline  car- 
bonate, a  brown  prccipitnto  of  the  formula  <tHgO,CO,  is  obtained. 
The  precipitates  wbicli  arc  formed  when  alkaline  cai'bonatcs  are 
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poured  into  a  soIatioD  of  nitrnto  of  mormirT  &re  very  complicated, 
McaoM  Bubaitrotuti  of  mcrcarj  are  first  dt-poalttML 

Fulminate  of  Mereurjf. 

5  1095.  This  is  a  Mphly  exploBive  compound,  consistinc  of  prot- 
oxide of  mercory  united  with  an  acid,  fnlminie  acid,  formed  of 
ojanogcn  and  oxygen,  and  of  which  the  formnla  is  CyO  op  C^NO, 
and  BflC'i  for  the  mannfacture  of  percussion  caps,  Fulmiuato  of 
mercory  is  prepared  liy  tiausing  alcohol  to  react  on  thfl  acid  proto- 
□itratf.  A  quantity  of  nK-rcury  18  diasolrcd  in  12  parts  of  nitiio 
add  of  35^*  or  40°  of  Baum^,  and  11  parts  of  alcohol  nt  .^Q  aro 
mdually  added  to  the  solution ;  and.  while  the  temperature  is 
Blowly  elevated,  a  lively  reaction  accompanied  by  a  copious  cvolo- 
tioa  of  rcddiah  vapours  soon  ensues,  ■when  the  liquid,  on  cooling, 
deposits  xmaH  cnriitals  of  a  yellowish-whito  colour. 

Fulminate  of  mercury  ig  one  of  the  most  explosive  compounds 
known,  and  should  be  handind  with  great  cikre,  especially  when  it  is 
diy,  as  it  detonates  when  rublied  agaiost  a  hard  body.  It  dissolves 
readily  in  boiling  water,  but  the  greater  portion  of  it  is  again  de- 
posited in  erystaU  during  cooling. 

The  fulminating  material  of  percnssion  caps  is  made  of  fulminate 
of  mercury,  pre[)ared  as  just  stated,  after  having  been  washed  in 
cold  water.  The  substance  is  allowed  to  drain  until  it  contains 
only  alwut  20  per  cent,  of  water,  and  is  then  mixed  with  J  of  its 
Weight  of  nitre^  which  mixture  is  p'ound  on  a  murblc  tabic  with  a 
mailer  of  guaiactim-wood.  A  small  quantity  of  the  paste  is  then 
placed  in  each  copper  cap  and  allowed  to  dry.  the  fulminating  pow- 
der in  the  cap  being  often  covered  with  a  thin  coat  of  varnish  to 
pnseire  it  from  moisture. 
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OXIDE  OF  MERCTTRY  AtJD  AMMONIA. 

1 1096.  By  treating  protoxide  of  mercury  HgO  with  a  large  ex- 
cess of  perfectly  caustic  liquid  ammonia,  a  yellow  powder  is  ob- 
tained, which  must  be  rapidly  waiihrii  and  dried  under  a  bell-glass 
with  (juicklimc,  and  the  couipotiitiou  of  which  is  cxpreeseu  by 
4I[gO,Nn,+2nO,  although  a  more  rational  formula  would  be 
3IlgO,lJgXIJ,+  SilO,  It  b  called  oxide  of  mercury  and  ammonia, 
Thv  preparation  of  this  substance  must  be  effected  without  access 
of  air,  as,  otherwise,  the  oompoand  would  soon  absorb  carbonic  acid, 
and  a  mi-iturc  of  oxide  of  mercury  and  ammonia  with  carhi»nate  of" 
the  same  compound  oxide  would  be  obtained;  for  whitdi  purpose, 
the  oxide  of  mercury  is  placed  in  a  bottle  completely  filled  with  u 
Mooeotrated  solution  of  perfectly  caustic  ammonia,  and  then  corked. 
Sithor  the  red  or  yellow  variety  of  protoxide  of  mercury  may  be 
Bsed,  hot  the  red  oxide  requires  a  greater  length  of  time.  The 
bydrated  oxide  of  mercary  and  ojomonio,  when  left  for  a  long  time 
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in  a  (Irj  vacuum,  loses  its  vater;  and  if  it  tie  left  until  it  no  long< 
loKCH  in  weight,  a  brown  powder  remains,  wbicb  consistn  of  anhy^ ' 
drom  oxide  of  mercury  aud  ammonia  SlIgO,ngNII^     The  di&hy- 
dration  takes  nluce  vcrj  rapiilly  at  a  tcmperaturo  of  26€^,  witLon 
any  docoropoHition  of  the  subi^tance. 

The  hrdratod  oxido  of  mercury  and  ammoQia  is  insoluble  iti  Tr»(er  j 
and  in  alcohol.  A  cold  solution  of  caustic  pntuuts  exerts  Bcarcelrl 
ODj  action  on  it;  while  at  tho  boiling  point  ammonia  is  disengage^ I 
hut  the  ebullition  roust  be  long  continued  to  eFect  complete  decon^^ 
position. 

Anhydrous  oxide  of  mercury  and  ammonin  is  much  more  fixedfj 
as  potassa  dcccmpofies  it  only  when  heated  to  the  fusing  point  off] 
the  ulkuH.  The  combination  exhibits  all  the  characters  of  a  power-  ] 
fill  base :  it  combiueB  with  the  acida  and  forms  well-dofined  ealta.! 
It  absorbs  carhonic  acid  nearly  tm  rco^liiy  as  Umo  and  biirytn,  and] 
its  carbonate  does  not  decompose  &t  212'' ;  it  also  expels  ammoo' 
from  its  Halts  as  rapidly  as  lime  and  barytft.  The  proportion  of  oxide' 
of  mt-rcury  aud  ainniouia  represented  by  the  formula  3HgO,HgNH|, 
corresponds  to  1  equivalent  of  a  base'KO,  and  eatontes  1  eqoiTft^ 
lent  uf  iicid.  , 

The  following  compounds  bare,  thus  far,  been  obtained: 

Hydrated  base 8irg0.ngNn,+SH0. 

Intenocdiate  hydrate SlIgO.HgNII.+lIO. 

Anhydroaa  base SHgO,HgNII,.  i\ 

Bulphato (SIIgO,IIgNU,),SO,. 

Hydrated  carbonate (3UgO,ligNH,),CO,+HO. 

Carbonate  dried  at  2T5« (SHgO,HgNH,),CO,. 

Oxalate (SHgO.HgNIIJjC.O,. 

Nitrate (8HgO,ngNnj.NO.+nO. 

Bromatc (8HgO,HgNII.),lJrO,. 

ScTfral  cMoridos  and  iodide!)  arc  also  kno^'n  ivhich  are  derirc 
JTom  the  oxide  of  mercury  and  ammonia  by  reactions  reaemblii 
those  by  which  the  ordinary  metallic  oxides  arc  converted  int 
ehlnridei)  and  iodides.     The  formulae  of  these  eompoands  are : 

Chloride {2UgO,UgCl),IIgNHr 

Another  chloride SHgCI,HgNH,. 

Iodide (2ngO,ngIo),ngNH,. 

Swiphats  of  Mereytrif  ami  Ammonia. 

S  109T.  If  protosulpbatc  of  mercury  HcO,SO,  be  added,  by  i 
{[uantities  at  a  time,  to  caustic  ammonia,  tJbe  Bait  is  disisolred  in  Tt-ry 
lar^c  quantity;  but  if  the  liquid  be  diluted  with  a  great  deal  of 
water,  a  copious  while  precipitate  forms,  which  wan  long  known  ""* 
ammoniacal  turpeth,  and  which  may  be  regarded  as  the  sulphate 
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mcreorj  ud  funmoDiu  {3IIgO,IlgNII,)S0,.      The  compositioa  of 
this  product  docs  not,  however,  appear  to  be  coiuttani. 

Carbonate  of  Slercury  and  Ammonia. 

S109S.  ThissiU  is  rcwlilr  prepared  bv  tho  direct  combicatioa., 
of  carbonic  acid  with  orido  of  merciirj  and  ammoDiu  suspirndrd  m,  j 
vntcr:  vhcn  nn  insolublo  yellow  coispound,  conflisting  of  the  hy 
ilrat«d  carboiiute.  id  obtained.  It  parts  vitJi  ita  water  at  a.l>out  2ti4"  . 
and  passes  into  the  stnte  ofanhjclroua  ctirbouate. 

Oxatate  of  Merewy  and  Ammonia, 

$1099.  The  oxalate  of  mercury  ntid  amiDonia  is  obtained 
£gcstu)g  the  protoxnlate  of  mercury,  made  by  doubto  dcccHupon*] 
tioo,  witri  catmtic  nmtnonia  in  exceKJi,  vlien  a  white  granular  pov-{ 
der  is  obtained,  wbicli  exfdodes  when  heated. 

COMPOUNDS  OF  MERCURY  WITH  fiULPHDR. 

5  1100.  If  a  current  of  siilflivdric  acid  I)o  pnsscd  through  a  Bolt 
tioQ  of  a  subsalt  of  mercury  »  nl»ck'  prr-cipitnle  ia  obtained,  whielkl 
is  the  aulphids  of  mfrcuri/  Hg^,  corresponding  to  the  suboxid* 
HgfO;  but  if  the  temperature  be  raised  the  precipiditc  is  rapidly .{ 
eonrerted,  even  in  the  water,  into  the  protOButphide  HgS,  and  into  ' 
metallic  mercury. 

If  a  current  of  sulfhydric  acid  be  passed  through  a  solulioii  of  a 
protosalt  of  mercury,  there  rcsulttt  Grst  a  white  prvoipitnte,  which  iflj 
a  compound  of  prolosulpbid(«  of  morcary  with  the  morcurinl  salt 
Subjected  to  the  rcaclioiu   Thus,  the  protosulpliatc  HrO.SO,  ia  con- 
Terte<l  into  a  compound  of  which  tho  formnla  is  HgO.SO,  +  2HgS, 
while  the  protonitrate  UcO,NO,  gives  the  compqund  }fgO.NOj+ 
•JlJgS,  and  the  protochlonde  HgCl  yields  the  product  HgCI  +  lillgS. 
But  if  the  liquid  be  completely  «amraled  I>y  iho  g:ia,  the  proeipitat* 
tarn  bUok,  and  consists  entirely  of  nulphidc  of  mercury  IIf;S,  which, 
wlwn  heated  in  a  retort,  sublimes  completely  without  change,  and 
yields  a  red  product  of  a  crystalline  fibrouj)  texture,  having  tlie 
Mme  oomposition  as  the  black  precipitate,  und  known  by  the  name 
of  o^MMiar.     The  same  compound   is  obtained  by  a  continued 
tritmatioo  of  mercury  with  Hul[)hur,  when  a  black  substance  is 
Ibraied,  which  ia  aometimes  u^ed  in  medicine  under  the  n&xao  of 
mthiopg  mineral     In  onler  to  obtain  the  aulphidu  of  mercury  HrS, 
it  it  better  to  rub  toirctbcr  6  parts  of  mercury  and  1  of  sulphui-,  th« 
black  sobaiance  which  result*  yielding  cinnabar  by  sublimaiJoii. 
Sulphide  of  mercury  llgS  is  found  in  nature,  roost  freqaently  ia 
dc^  red.  compact  ma-ucs,  but  also  forming,  ttomctimcA,  benuiiU 
red  transparent  crystals  derived  from  the  rhoDibohedron   of   7|*, 
It  is  the  principal  ore  of  mercury. 

Under  the  onlinary  pressure  of  the  atmosphere,  cinnab«a>  -^gj^, 
ttliiea  before  fusng,  and  produces  a  brownisb-yellow  vi| 
it 
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denaitT  of  which  is  5.4,  while  the  specISc  grnvitj-  of  solid  ciniul 
is  8.1. 

The  sulphide  of  mercury  HoS  sometimes  exhibits  a  rf<d  eolo 
more  beautiful  than  th&t  of  ei^limcd  cinaabitr,  and  is  used  in ' 
»iid  wiTiarclle  painting  under  the  name  of  vermilion.     The 
beatiliful  vermilion  ia  prepared  l>y  the  rcaotion,  aseiated  by  water,] 
of  tho  alkaline  polysulphidcs  on  sulphide  of  mercury:  300  part»] 
ef  merpury  nnd  114  of  oulphur  being  triturated  fur  2  or  8  houm  ii 
a  moitiir.  nnd  75  parts  of  potassa  and  400  of  water  added,  the  wholl 
is  maintained  iit  n  tomperamreof  nboiit  113°,  and  shaken  from  timol 
to  time,  when  the  bUck  preeipitate  Boon  turns  rrd ;  and  when  it  has] 
nttHined  thi>  proper  shade,  it  is  rnpidly  washed  with  hot  water.    If 
the  action  of  the  alkaline  aulphide  were  proloaged  too  touch,  thft! 
substance  would  again  become  brown.     Very  fine  YfrmiUon  is  alM^J 
obtained  by  Iteatinfi,  for  a  conBiderablc  length  of  time,  at  an  aT«nM>j 
temperature  of  122°,  ordinary  i-innahar,  rcdueed  to  an  imfialpaoU] 
powder,  with  a  solution  of  alkaline  Bulphidc.      ITie  phenomenoaf 
of  the  change  of  colour  of  the  Rulphido  of  morcory,  by  contact  withJ 
the  alkaline  Bulphides,  has  not  yet  been  properly  explained. 

Oinnahar  it  manufactured  on  a  targe  scale  in  the  furnaces  fo 
working  ores  of  mereury.    At  Idria,  in  Carinthia,  100  parts  of  taeiA 
oury  and  18  parts  of  powdered  Kulpliur  are  placed  in  email  woodc 
tubs,  which  are  turned  for  3  or  4  hours  around  their  horizontal  axif..1 
when  a  black  sulphide  of  mercury  is  formed,  wliich  ia  then  suhUmea] 
in  cast-iron  vessels,  eovored  with  capitals  of  baked  cbiy,  on  whic 
tlM  dnnabar  co&denses. 

Cinnabar  is  readily  roasted  in  the  ajr.  Sulphurous  acid  being 
Olgaced,  while  metallic  mercurr  distils  OTcr.     It  is  eaaily  dMOi 
posea  by  hydrogen,  carbon,  and  many  of  the  metals.      The  nc 
oxidixing  aadfl  act  on  it  with  difficulty,  while  it  is  reiulily  attackf 
by  concentrated  nitric  acid,  and  i-apccinlly  hy  atjua  regis. 

COHPOCifDS  OF  MEBCl'Ry  WITH  CHL0R15E. 

S 1101.  Two  eoHipoioids  of  mercury  with  ehlorino  are  known : 

The  subchloride  lic,01,  called  calomel;  and 

The  protoehloride  lIpCl,  commonly  called  e^rro*ire  auUimtat. 

!nie  majority  of  chemists,  ereu  at  lbi»  day,  give  the  name  of  prv-1 
toehlori^e  of  mcrcunr  to  cidomel  Hp,Cl,  and  that  of  biehlorid*_ 
eonoam  Mblimatellgi'l;  but  we  hare  not  retained  tbaae 
bectBM  the^  clash  with  the  rules  of  nomettclature  and 
formulae  which  it  has  been  agreed  to  a**ign  to  these  «ub*t*Dce*l 
We  deem  it  necessurr  to  msist  particularly  on  this  point,  in  orderj 
to  avoid  miRtakess  wliieh  might  prove  very  HriouB,  beeailte  die 
nbaanees  ue  used  in  raedidnb 

The  sobcUoride  H^CI  may  be  fffcpaivd  by  pouring  a  solatia 
oC  iilbiutrute  of  meroniy  bto  a  dilute  solution  of  s«'a  salt,  the  sub*] 
lAloridc  of  niercDi^  H^CI  being  pre«[HtaMd  in  the  form  of  a  wj 
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^Bwdor*  It  may  be  also  obtained  bj  the  reaction  of  metallic  mer- 
cary  co  protochloride  of  mereary  HgCl,  or  coirosiro  eablimatp,  for 
wluch  purpose  4  parts  of  corroetve  soblinute  and  3  parts  o(  mercury 
are  mixed  aoJ  nii)b«d  toc«tber  for  iiome  time,  moiateniog  the  whole 
vith  a  email  <)uaDtity  of  alcohol,  to  pT«T«Qt  injury  from  tbe  poisonous 
diut  of  the  aublimate.  It  is  tlicn  beutcJ  in  n  large  pbial,  in  u  sanil- 
batb,  when  tbo  calomel  sublimes  and  condcnw*  in  tbc  upper  part 
of  tbc  pbinl.  As  this  product  may  be  mixed  with  corrooirc  eub- 
limato,  it  13  nocc^8»ry  to  reduce  it  lo  a  fino  ponder,  aud  -vnsh  it 
with  builinf;  watvr  uiitU  tke  water  affords  qu  prt'cipiLatc  with  po*  "^ 
tassa  orsuifhydrio  acid.  Calomel  is  prepared  in  manufnctorics  of 
chemical  products  by  beatiug  a  mixture  uf  eubaulphntc  of  mcrcuir 
HgjO.SO,  and  h«s  salt ;  but  as  the  preparation  of  the  ^ubsulpliateis 
aomcnliat  difficult,  a  mixture  of  protosulphatc  of  mercury  UkO,SO, 
and  melaliic  mercury  i.s  milistitnted.  Siitecn  pans  of  mercury 
boiDg  divided  into  Ivo  cffual  portionn,  the  fimt  is  converted  into 
protosulpbatc  (§  10131^)  and  niixnl  intimately  nilh  the  Bccond  por- 
tion, after  which  the  mixture  is  rubbed  up  nith  3  parts  of  sea  salt 
and  the  whole  distilled. 

Calomel  used  in  pharmacy  S'hould  be  very  finely  powdered,  be- 
caose  it  is  then  more  cai^ily  separated  from  the  corrou%'e  Gublimate* 
which  acts  as  a  poison  on  the  uniuiol  economy.  It  is  obtaiued  iia- 
nedtatcly  in  an  impalpable  powder  by  offectiog  tbo  distillation  in  a 
TCMel,  [he  wide  and  Htiort  neck  of  wnich  enters  a  large  receiver, 
where  the  calomel  vapour  condenses  before  touching  its  sides.  The 
calomel  thus  obtained  should  be  wanhed  with  boiling  water  until  no 
precipitate  is  formed  by  potassa  or  eolf  hydric  acid. 

By  subliming  large  quantities  of  cnlomcl,  beautiful  transparent 
crystals  arc  fret{ucnlly  obtained,  which  are  aquare  prisms,  aariug 
an  octohedral  terminntioii.  They  ure  remiirkablc  for  their  great 
refracting  aud  dLipcn^ive  power,  and  belong  to  the  eecoud  system  of 
crystalliEation.  Light  slowly  decomposer  subcbloride  of  mercury, 
and  causes  it  lo  iLSiiumo  n  graviah  hue,  owing  to  the  disengagement 
of  ehloriue,  wliilc  a  uortion  of  the  mercury  is  act  free.  The  density 
of  tlus  substance  is  d.5;  and  it  fuses  and  volutilizea  at  nearly  the 
Mme  temperature  imder  the  ordinary  pressure  of  the  atmo3piier«. 
The  density  of  its  rapoar  is  8.2,  the  gaseous  chloride  being  there- 
int  composed  of 

1  voh  Tapour  of  mercnry 6.97S 

i    "    chlorine 1.520 

1  Tol.  gaseoas  sahchloridc  Hg,Cl 8.196 

Calomel  Is  rcry  sliglitly  soluble  in  water,  and  a  solution  of  1  ^art 
of  chlorohydric  acid  in  2;'0,000  partu  of  water  is  very  sensibly 
affected  by  subnitratc  of  mercury.  In  time,  chlorohydric  acid  acta 
OR  it  nt  the  boiling  point,  when  metallic  mercury  separates,  whDe 
the  protochloride  ilgCl  is  dissolved.    Concentrated  nitric  acid  soon 
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oonrerts  it  into  corrosive  enbtjniate  mkI  protonitrate  of  tnercarjJ 
Aqua,  ponia  and  a  aolulion  of  i-hloriuo  dissolve  it  in  iho  stato 
pr«toi;hlori(ie   ![gCI.     Ciilomp!   cotnbinpa  readily  with  dry  ai 
ninvsl  gn?.  prui1tii!iii}r  a  hhvk  cutupound,  of  wliic-h  tho  formula  u| 
HgaOI  +  NlI,,  and  wliich.  %'hcn  treated  with  liquid  ammonia,  yield 
a  pray  powder  of  the  funiiula,  ng,Cl,HgNIIj. 

Calomel  is  used  in  medicine  m  a  rermifuge  and  purgative,  and  il 
also  applied  to  the  treatment  of  renercHi  diseases. 

Protochhride  of  Mfrcury  HgCl,  or  Gorrcnm  Sublimate. 

§]102.  Corrosive  iiiiblitnate  can  I)e  propared  by  disaolving  mer-l 
cury  in  aqua  rcgia  cnntftining  an  cxrpps  of  chlorohydric  aeid.  wheOi 
bv  treatment  with   boiliiig  water,  the  j^enter  part  of  tho  proto-i 
cUoridc  is  deposited  in  acicular  crystalit  duniif;  the  cooling  of  tba^ 
liqntd.     This  compound  i«  generally  prepared  on  a  large  wale,  bj,i 
healing  on  a  sand-bath  a  mixture  of  protosulphate  of  mercury; 
IIgO,SO,  and  sea  salt,  when   the  protochloride  sublimes  on  ihi' 
upper  parta  of  the  dietilHng  apparatus.     The  protoeulphate  of  mcp 
cury  often   coiitairm  a  small  iiuantity  of  Hubsulphate,  which  yieldf<J 
calomel  hy  ita  reaction  on  sea  salt ;  to  avoid  which,  a  small  qoantit} 
of  peroxide  of  niangiinctie  is  generally  added  to  the  mixture.     J\jJ 
corrosive  siiliiiiriate  fuBoa  at  a  pressiirt*  muoll  below  tlmt  at  wluch  it] 
distils  nt  the  ordinary  prcHsuro  of  the  ntmuaphe<rc«  advantage  il 
taken  of  thiti  property  to  give  more  contiiRieiiey  to  tho  Rulihmed  pro- 
duct; to  effect  which,  tlio  fire  irt  increaflcd  toward  the  close  of  thfl' 
operation,  when  the  fiubliumto,  by  beginning  to  fuse,  is  more  oom-i 
pactly  aggregated.     'When  the  distilling  ver^els  ore  cool  they  art.J 
brolien,  and  the  cakes  of  corrosive  mblimate  removed.  | 

Protochloridc  of  mercuir  is  colourlesA,  and  ita  densitv  it)  6.5.  Ill 
fuses  at  about  rjOlt*,  and  boils  at  about  563*  under  tho  ordiiutryj 
preeeurc  of  the  atmosphere,  yielding  a  colourlcBS  rapour,  th«  deoai^j 
of  which  is  0.42.    Gaseous  protochloridc  therefore  contains 

1  vol.  vapour  of  moreury ti.9'Q 

1    «    chlorine 2.440 

1  Tol.  gaseoui)  chloride  IlgCl 9.416 

Corrosive  snbtlmato  diHsolvcR  in  16  parts  of  cold  and  8  parts  oi] 
boiling  water,  and  ila  curve  of  eoIuMlity  is  represented  on  the  plat«j 
at  page  407,  vol.  i.  It  is  more  easily  soluble  in  alcohol  than  inl 
■water,  an  2^  of  absolute  and  1 J  of  boiling  aleohol  dissolve  1  part  > 
the  binary  compound.     Tt  ia  also  soluble  in  3  parts  of  cold  ether. 

It  dissolves  readily  in  a  solution  of  chlorohydric  a>Gid,  espectall] 
vhen  the  latter  ts  hot,  and  tho  liquid  Kets  in  a  crystalline  msM 
coolinf;. 

Corrosive  Huhliniatc  is  often  used  in  the  laboratory  as  an  agei 
of  chlorination ;  and  it  has  already  been  shown  (|'it43)  that 
chloride  of  tin  is  ohlaincd  by  distilling  a  mixture  of  1  part  of  i 
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3  parts  of  subliinatc.  Many  aabstanccs  also  abstract 
,  >y  the  humiil  wav,  a  portioD  of  its  cliloriue,  and  cauiie  it  to 
pass  into  the  state  of  KuK-hluridv,  nliicli  dccompoBitions  are  more 
easily  fffeetod  wlivo  assuted  by  solar  light. 

CoiTOMTC  sublimate  ia  sometinica  employed  in  medicine,  chiefly 
in  the  treatment  of  Tenm^  tUseases ;  bntibeiag  a  dangerous  medi- 
QDfr,  it  shonld  only  be  admimstorcd  mtb  the  greatest  care.  It  is 
naed  advuuugcously  to  prutect  wood  from  insi-ctit,  and  wooden  bed> 
St«ads  mav  bo  kept  free  fryai  vermiT>  by  imprepnating  tbe  wood  with 
ftircak  solution  of  8ubliaia.tc.  Zoutugicjil  ?}H-ciineus  utidniLatomical 
preparations  arc  frcqu«ntly  preserved  by  being  aoaked  in  a  dilate 
aolution  of  iL' 

Protocblorido  of  mercury  forms,  villi  the  metallic  chlorides,  & 
great  number  of  crystallianble  double  chlorides.  Three  of  these 
compounds  with  chloride  of  potassium  have  been  obtained,  the 
formulaj  of  whitb  urc  KCl+UgC]  +  U0,KCl+2HgCI+iiiK)  mid 
KCl+4IIgCl+4HO.  But  one  compound  has  been  obiaiiU'd  with 
chlorobydrule  of  ammonia,  with  the  formub»KII^HCi4-IIgCl  +  IIO, 
and  ii<omorp1ious  with  the  corresponding  compound  vrith  chloride 
of  potoaaiuo). 

When  caustie  al&alies  or  alkaline  cftrbonates  are  poured  into  a 
solution  of  corrosire  sublimnic,  very  rariable  oompounds  are  ob- 
tained, according  to  the  proportions  of  the  reacting  substunces  and 
the  temperimre  and  degree  of  concentration  of  the  li'iui'l»t.  When 
the  alkali  is  in  excess  (lie  yellow  or  red  oxide  is  produced ;  but 
by  u^ng  the  reagent  in  weaker  and  more  VHrying  proporlions,  gray, 
red,  or  violaceoua  precipjtatea  are  obtained,  wbicli  are  o.xychloriJca; 
the  formulje  are  2HgO,HgCl,  SHpO.HgCl,  4HgO,HgCl.  Analo- 
goue  oxTchloridca  are  obtained  byljoiliog  oxide  of  mercury  with  a 
lolation  of  corrosire  sublimate. 

Ammonia,  poured  into  a  solution  of  corrosive  sublimate,  throira 
down  white  precipitates,  mnking  the  liquid  emulsive  and  v.irylng  in 
composiliOD.  They  have  all,  for  a  long  lime,  been  indisurimiQatelv' 
called  vkit€  prtetpitaie,  but  are  now  dividetl  into  BCTeml  well- 
defined  compounda.  If  a  solution  of  corrosive  sublimate  be  poured 
into  a  solution  of  caustic  ammonia,  and  the  precipitate  be  wanhed 
With  eold  water,  a  wfaitc  RuLstanee  U  obtained,  of  wliich  the  formula 
is  HgiOlNH*,  and  which  in  called  i;lilt)rtimidi'r  of  iiurcuty,  because 
it  is  admitted  to  contain  the  compound  Nil,,  which  is  called  amid*, 
(I  514.)  The  reaction  from  which  thia  product  arises  is  rcprcssouted' 
by  the  following  cqaatton : 

2nga+2NH.  -  NH„HCl+Hg,ClNH^ 

*  SImI  MKjr  be  kept  frcih  for  a  great  lenElli  of  Urae,  b/  hnine  nlloircti  to  t^ 
malm  tot  MT«ral  hoon  in  a  bucket  filled  vitii  water  uiM  vhick  tliv  mcrcn  traca 
*t  eomair*  »u1>t>iiLat<  liM  k<cu  Ibruwn;  au<l  i«tcral  other  metallic  aalU,  Mp«- 
lialir  ailnt*  tit  «ili*r.  bat*  Ui«  lam*  nrop^rtf .  Thlt  tntibod  of  prtMrvlnj  meat 
wobIiI,  howcrer,  be  too  dangercua  for  ttmiij  iu«. —  W.  L.  T,  ^^^^^ 


^^ 


286 


MERCUHT. 


I 


Xbo  foruiila  H^CliHsNH,  is  sometimes  assicaed  to  thia  soV 
StaDOe.  It  is  decomposed  I)y  bniling  w»ter,  and,  wh^n  Kpatpd,  givM 
off  ftminoniA,  ammomncnl  chloride  of  mercitry  SIIgjCiiNH,,  iin<l 
leaves  in  the  retort  n  red  compoiind,  vlilcli  is  dcHtroycd  onljr  nt  a 
temperature  of  662",  and  of  whi<;h  tlie  coinpo»tioii  ia  reprcaented 
by  the  formnla  SHgCI+NHg.. 

By  boiling  chloramide  of  niercury  with  water  until  the  snb- 
etancc  no  longer  iindergocH  any  change,  awhitc  componnd  of  which 
the  formula  is  (2HpO,HCl)]IpNIIj  is  obtainCLl,  which  may  be  re- 
garded aft  the  chloride  of  thd  eompound  oxide  of  mcrcur^'  and  am- 
monia SUgO.IIgNir, ;  and,  in  fact,  when  treated  with  poiassa,  it  is 
converted  into  oxide  of  mercury  and  ammonia. 

If  caustic  ammonia  be  dropped  into  a  Holulion  of  corrosi^'e  Rnbli- 
mate,  taking  care  to  keep  the  latter  substance  always  in  excess,  a 
white  preripitate  in  obtained,  of  which  the  formnla  may  be  written 
8HgCI,HgNH„  and  which  is  then  regarded  as  oxido  of  mercury 
and  aminr-iuD,  in  which  all  the  oxygen  is  replaced  by  an  ecjuivalent 
quantity  <>f  chlorine.  This  comjiouud  is  soon  changed  even  by  wash- 
ing in  cold  water. 

COMPOONCS  OF  MERCl'RY  WITH  BROMINE. 

1 1103.  Mercury  formH  with  bromine  two  compounds  which  cor* 
nqwDd  to  the  two  chlorides.  The  bromide  lIg«BT  is  obtained  by 
pnnring  a  nohition  of  bromide  of  potn.«.iinm  Into  that  of  sabnitrato 
of  mercury,  when  the  precipitate  which  fonns  ia  nearly  inaolable  in 
water,  and  vnlaiiliiir"s  withnnt  change.  The  bromide  of  mercury 
HgBr  is  obtained  by  pouring  bromine  in  excess  on  mercury  covered 
by  n  Btmium  of  water,  when  the  mercury  soon  diesolvea  in  the  Btate 
of  protobromidc,  which  may  be  crystallized  by  eraporation.  Th« 
protobroinidc  may  then  be  publimed  without  alteration,  and  it  forms 
cryiitallissable  compounds  with  the  alkaline  bromidea. 


I 


COMPOUNDS  OF  MEBCPRT  WITH  TOIHSE. 

§  1104.  By  adding  iodide  of  potsiasium  to  a  solution  of  corrosiTC 
sublimate,  a  red  precipitate  of  protioilide  of  mercury  Hgl  a  ob- 
tained, wliich  may  aleo  be  prepared  by  triturating  together  cnQal 
i|aatitities  of  mercury  and  iodine,  with  a  ^niall  rjuantity  of  alcoliol 
to  assist  their  reaction.  The  protiodide  of  mercury  disa»lve.i  largely 
la  a  hot  solution  of  iodide  of  potassium,  and  the  liq^uid,  on  cooling, 
deposits  a  portion  of  the  protiodide  in  the  form  of  beautiful  red 
crystals.  If  the  red  iodide  of  mercury  be  heated,  it  suddenly 
changes  colour  and  becomea  of  a  clear  yellow,  while,  if  the  tem- 
perature be  raised  Mill  higher,  it  fuses  into  a  yellow  litiuid,  and  sub- 
limes in  ihe  form  of  yellow  crystulH.  Tbo  fust-d  yellow  iodide  and 
the  large  yellow  crystals  frequently  retain  their  colour,  even  aft«r 
cooling ;  b'ut  the  substance,  on  being  broken,  turns  red,  first  at  the 
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pmnt  of  the  niptare,  an<l  then  gradually  through  tlie  wholn  mass^ 
which  change  of  colour  is  very  rapid  •when  the  substance  is  pow- 
dered. The  protiodidc  of  mercury  prcsc-nt*!,  therefore,  two  niodifi* 
cations,  distioguisbablc  by  their  coloor,  and  which  also  affect  two 
different  crystalline  fonaa,  the  primitive  form  of  tlie  red  crystnU 
being  an  oetahedron  with  a  suiiuro  Im^e  belonging  to  the  second 
tern,  while  tlic  yellow  tTy^tula  belong  to  the  fourth. 
Proiiodide  of  mercury  volntitizcs  without  clmnge,  and  the  deo^ty 
of  lU  T&ntnir  has  been  found  to  be  15.C8,  being  the  greatest  of  all 
gaseous  Dodie«.  It  is  very  elightly  soluble  in  water,  only  in  the 
proportion  of  1  to  160. 

An  iodide  of  mercury  Hg^I  is  obtained  by  pouring  iodid«  of  po- 

isinin  into  a  soltition  of  subnitratc  of  mercury,  an  a  dtrty-grccn 

precipitate,  which  volatilizes  unchanged  when  rapidly  heated,  and 

which,  on  the  contrarr,  is  decomposed  into  protiodidc  of  mercury 

I  and  metallic  mercury  when  heated  slowly. 


COMPOUKD  OP  51EBCUBT  WITH  crJUJOOES. 


r  §  1105.  Only  one  compound  of  mercnry  with  cyunogi-n  Is  known, 
KHtresponding  to  the  protoxide  UgO.  Tho  cotnbio&tion  is  made  by 
dimolTing  protoxide  of  mercury  iu  cyanoliydric  acid,  fur  which  pur- 
pose the  dilute  cyanohydric  acid  obtained  by  ihe  solution  of  the 
ferrocyanidc  of  pottuuium  in  dilute  sulphuric  acid  is  used,  Oyanide 
of  mereury  is  generally  propnred  in  the  laboratory  by  boiUug  to- 
gether H  ports  of  Prusaijiu  blue,  1  of  protoxide  of  mcrcurj",  and  8 
of  water,  when  the  boiling  eolution,  after  being  filtered,  deposits  on 
cooling  white  prismatic  crystaln  of  anhydrous  cynnido  of  mercury 
IlgCy  or  HgC^.  When,  as  often  happens,  tho  liq^uid  contains  & 
^■nulf  quantity  of  iron  in  eolution,  it  is  buitud  with  proto.Mde  of  mer- 
^fSarjf  which  precipitates  the  oxide  of  iron.  Cyanide  of  mercury 
mav  also  be  prepared  by  boiling  2  parts  of  ferrocyanide  of  potdssium 
witli  3  of  protosulphatc  of  mercury  dissolved  iu  15  or  20  parts 
'  water ;  when  tho  liquid  deposits,  on  cooling,  crystals  of  cyanido 
mercuiy. 

Tho  affinity  of  mercury  for  cyanogen  is  considerable,  as  oxido 

'  mercury  decomposes  cyanide  of  potassium,  potassa  and  cyanido 

mercury  being  formed.     When  boiled  for  a  long  time  the  prot- 

'    of  mercury  dissolves  in  the  cyanide  of  mercury,  and  the  liquid 

epoeits  crystals  of  oxyeyanide  of  mercury.     Cyanide  of  mercury 

ibincfl  with  a  great  number  of  metallic  cyanides,  and  yields 

ibte  double  cyanideB.     The  double  cyanide  of  mercury 

id  potaauom  ciystalhzcs  in  regular  octahedrons  of  the  formula 

[Cj+Hg<^.     Cyanide  of  mercury  also  combines  with  the  chlo- 

ideS]  tlkahne  bromides,  and  iodide^  forming  several  crystallizublc 

Qmooonds. 
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COirPOOKD  OP  MERCCRY  WITH  KnaOGKS. 

§  1106.  If  dry  ammoniacnl  gos  lio  pRBSrrl  over  protoxide  of  met- 
f,  prepared  hj  the  bumid  wny,  until  tbe  latter  caa  aLeorb  no 
J  and  the  product  b«  tbpn  slowly  heated  in  an  oil-bath  to  802% 
^11  maintaining  the  current  of  ammonia,  a  brown  powder  in  ob- 
tained, wliicli  ifi  a  compound  of  mftreury  with  nitrogen,  haring  tli9 
formula  Ug^.  Tbc  eubstaitcc  is  ecncnillj  mixed  'with  a  small 
qnantily  of  suboxide  of  mercury,  which  ran  he  removed  by  weak 
nitric  aci'i.  Nitride  of  mertmry  detonates  by  heat,  and  by  percus- 
sioD}  or  by  contact  with  concfntratcd  Bulphnric  acid  properly  pr^ 
ptred.  Acidn  disfiolve  it,  produeing  mixtures  of  mercorial  and  mm- 
moniacal  salts. 

DETE&UINATION  OF  NmitCUItT,  AND  TtS  SEPAAATIOIf  FROM  TUB 
METALS  rHKnortlLV  DKSCRIBBD. 

§1107.  Mercury  18  generally  determined  in  the  metallic  alate, 
and  sometimes  also  in  the  state  of  subcfaloride  lij;,CI.     In  order  to 
separate  mercury  from  il«  componnd."*,  nnJcr  conditionw  in  which 
tbe  metal  can  be  very  exactly  weighed,  a  tube  ab  of  hard  gla«3  ia 
^  ^  employed,  renemhling  those  used 

~—^BSlir^'^^'^'^~r'  ""'  ^^„  J.  J  ''^  ^^'^  BQalj'sis  of  organic  sub- 

N;:;^^  etanccjt,  ami  drawn  out  in  one  of 

Pig.  578,  it*  ends,  as  represented  in  fig.  fl78, 

having  a  globe  A  at  the  narrow 

portion,  in  whidi  the  mercury  condense,>i.     A  small  quantity  of  a»- 

bMtos  being  plac(td  at  a  in  l'hi>  tube,  upon  it  is  poured  a  volume  of 

3uielclime,  and  the  mercurial  substance,  exactly  weighed,  in  intro- 
uced  at  c,  and  lastly,  the  tube  is  filled  with  lijae.  Tuifl  being  done, 
the  tube  is  arrangcff  over  a»heet-iron  furnace,  and  a  current  of  dry 
hydrcgon  gas  piuiacd  through  the  extremity  i  ;  the  anterior  portion 
ea  of  the  tube  containing  tbf!  lime  being  first  heated,  while  tbc  coals 
are  griutuiiily  carried  towiia-d  the  end  !>.  The  mercurial  product  is 
decnmptwd,  the  mercury  is  carried  over  in  the  state  of  vapour  by 
the  hydrugvn  gas  andcondeusos  in  tho  globo  A,  while  the  small  <|uau- 
tity  of  water  which  eometimcs  also  colli-ct»  there  is  man  carried  oiF 
by  tho  dry  hydrogen.  At  tlie  close  of  llie  operation,  the  globo  A  is 
detached  and  weighed  with  the  mercury  it  contains ;  af^cr  which  tho 
metal  is  poured  out,  and,  for  greater  exaetnenK,  the  interior  of  the 
globo  is  waehcd  with  nitric  ncid  and  then  with  distilled  water.  Tho 
globe,  being  empiy  and  perfectly  dry,  is  weighed,  and  the  weight  of 
the  condensod  mercury  thufl  aaccrtaiuod.  lu  order  to  obtttin  exact 
results,  care  must  be  had  that  the  tempfrature  of  the  globe  Joes  not 
riii«,  in  consequence  of  the  condengatton  of  a  large  (juuntlty  of  water, 
B9  in  that  case  a  small  quantity  of  vapour  of  mercury  woiud  be  lost, 
^hen  th«  mereuriat  product  coutaius  nitric  ncid  metallic  copper 
must  b«  substituted  for  the  lime,  in  order  to  decomuuse  the  nitroiui 
vapours,  which  would  attack  the  mercury  in  the  globe  A. 
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$  1108.  Advantage  ia  gcncnvllj  taken  of  the  volatUitj;  of  toor- 
carj  to  separate  it  from  the  other  inetaU  irith  which  it  is  mixed. 
When  it  is  dissolred  in  ociiis  it  is  nlways  precipitate*!  hy  sulf  hydric 
acid,  and  the  precipitate  is  then  restored  to  the  metallic  state  by 
befttinf;  the  prodact,  mixed  vith  a  small  qaantityof  ^uiclilimo,  in  a 
TUrrenc  of  hydrogen  gaa.  When  the  sulphide  of  mercury  is  mixed 
with  other  mptalllo  ftulphides  the  lattor  aro  separated,  os  the  mer- 
conr  alone  distils  over. 

When  the  mercury  is  precipitated  from  its  solutions  in  the  me- 
tallic Ktate  by  a  blade  of  iron,  or  by  prottichtoride  of  tin,  it  ia  still 
necesaary,  in  order  to  obtain  it  perfectly  pare,  to  duttil  it  in  the 
pparatus  first  deaoribed. 

ALLOTS  OP  MERCURY.  OR  AMALGAMS 

§  1109.  Mercury  combines  with  a  largo  number  of  mctalu,  form- 
ing alloir'8,  called  amaltfomt,  which  are  fluid  when  tho  luercmy 
largely  predominates,  and  solid  in  the  coutrwy  caac.  The  presence 
of  a  very  smuU  quantity  of  forergn  metal  enfficca  to  destroy  the 
"  lidity  of  mopcnry  and  its  other  physical  characters. 

_  '  Mercury  combines  with  polnssium  und  sodtom  and  evolves  heat, 
while  doughy  amnlganis  ore  formed  which  decompose  water.    With 

.lead  and  im  It  fonii3  amalgims  the  consistency  of  which  varies  with 
proportion  of  metal  combined.  If  those  amalgnms  he  heated  so 
to  make  them  perfectly  lirjuid,  and  then  allowed  to  cool  nlowly, 
crystals  of  solid  amal^iim  separato,  exhibiting  compounds  of  dcBnit« 
proportions.  An  amalgam  of  silver,  cryatu-lliaed  in  regular  dode- 
eabedroDB,  and  the  usual  composition  of  which  is  exprc^od  by  the 
formula  n^jAg,  is  found  in  nature.  Amalgums  aro  readily  di-'com- 
posed  by  heat,  and  give  off  the  whole  of  their  mercury,  which  distils 
over. 

PLATINQ  OP  MIBRORS. 

S 1110.  Mirnvg  are  made  by  covering  one  side  of  the  glaAs  with 
I  smaleun  of  mercury  and  tin  in  the  following  manner : — A  sheet 
of  tin-foil,  of  tho  same  ai2e  as  the  glass,  is  laid  upon  a  vt-ry  smooth 
marble  table,  t*et  in  a  wooden  frame  and  surrounded  by  little  canals. 
The  tabic,  which  is  mo^-able  and  may  be  inclined  in  varioufl  ways, 
is  first  made  perfectly  horiznutal,  and  the  shcat  of  tin,  being  smoothed 
with  a  hare's  foot,  ia  then  completely  saturated  with  mercury  ap- 
plied  by  the  name  instrument.  It  it  then  covered  with  a  coat  of 
mercory  4  or  5  raillimotres  in  thickness,  after  wliich  the  plass  plate 
is  brought  to  the  end  of  tho  table,  and  pushed  over  the  sheet  of  tin, 
to  aa  to  drive  before  it  the  mercury  iu  exce&a.  which  runs  into  the 
canal  around  the  table.  The  glass  is  then  loaded  with  lumM  of 
phuter,  distributed  uniformly  over  its  surface,  nod  the  tabic  la  in- 
clined to  facilitate  the  escape  of  the  mercurv  cTpellod  by  pressare. 
It  ti  then  left  in  this  position  for  15  or  20  days,  after  which  the 
Tot.  IL— Z  19 
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coating  ndhering  to  the  glass  is  composed  of  about  1  parts  of  tiu 
and  1  of  mercury. 

METALLURGT  OP  MERCrRY. 

S  m  1.  The  principal  ore  of  raerciiry  is  the  pulphide  or  dnnabar, 
vhich  mineral  is  found  in  two  diffcretit  geological  poAitiDtis.  It 
BOQtetimcs  fonne  veins  in  the  oldest  transition  rocks,  and  sometimea 
a  scattered  through  the  strata  of  !tanch)tone,  Bchist,  or  compact  lime- 
stone, vbich  appear  to  belong  to  the  Jurassic  epoch.  The  famoua 
ntinpfl  nf  Almadcii,  Jn  the  province  of  La  Mancua  in  Spain,  coiisist 
of  voins  traversing  micaceous  trani-ition  schists,  irhi!e  the  minee  of 
Idria,  in  Illyria,  arc  an  example  of  the  second  fomtatiuu.  Mercury 
IB  bIso  founcf  in  the  native  slate,  in  small  globules  scattered  througu 
bituminous  strata,  but  alnnjs  in  the  vicinity  of  beoriDgs  of  cinnabar, 
and  probabW  arising  froia  certain  chemical  reactions  which  have 
taken  place  in  the  hosom  of  the  earth. 

Morcurr  in  procured  from  cinimbar,  at  Idria  and  Almadou,  by 
roasting  the  ore  in  a  distilling  »ppai-2tua,  when  the  salphurbams  in 
th«  alate  of  aiiliihurous  jzas,  uTiik-  the  merciu"y,  being  set  free,  distils 
over  and  condenses  in  the  chambers. 

§  1112.  Figures  579,  580,  and  581  represent  the  apparatus  used 
at  Idria.  A  is  a  large  roasting  fiimacc  (ngs.  579  and  ogl)  furnished 
on  each  pide  irith  a  scries  of  condensing  chambers  C,  Cf-D.  Tlio 
ore  in  large  pieces  is  heated  on  nn  arch  nn'  having  a  great  ntun- 
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bor  of  holes,  until  the  space  V  is  entirely  filled  with  it.  while  oa  1 
second  archpfi'  smaller  pieces  of  ore  are  placed;  and  lastly,  oik"l 
third  rr',  the  durt  and  mercurial  residues  of  proceeding  operations 
«re  changed.     The  pulverulent  ore  is  placed  in  earthen  vassela  with 
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vliich  the  Epac«  IT  is  enlirel;r  61Ied:  and  when  the  farntce  is 

churjred,  fire  is  kio<lle(l  on  the  ^mto  F,  and  the  temperature  is 

I  gradually  raised.     The  sulphide  ot  mercury  routs  in  a  vcr^-  oxidir- 

[fi>g  current  of  air,  which  enters  the  furnace  bj  small  canaJa  openinff 

into  Ihc  spaces  G,  H, 
sni)  the  mercurial  va- 
pours are  carried  into 
the  condenging  ehnio- 
A  -'I  n  hers  C,  C,  C.  0,  iu  the 
^^_  first  three  of  which  the 

T--^-^^'  IBSff  ^/  II      greater  portion  of  the 

metal  condenses,  whence 
it  flows  into  the  conduits 
'  ■'  '.  '('iVi^,  which  con* 
^^^g  ■  I'Oy  it  into  a  reser- 
voir. A  great  deal  of 
water  andbut  little  mer- 
iry  condenses  in  the  lafit  chamher;  and  as  the  latter  is  mixed  with 
I'duHC,  it  is  collected  in  separate  conduits,  and  then  purified  by  filtcr- 
jinR,  while  the  residue  ia  again  introduced  into  the  furnace.  In 
j-onler  to  condense  the  last  mercnrial  vapnurH  in  ihp  last  phsmbers 
]£,  D.  water  is  poured  over  the  inclined  pUiies  which  extend  from 
one  side  to  the  nthf-r,  and  between  which  the  gas  and  raponrs  are 
obliged  to  circulate  before  parsing  out  into  the  atmosphere. 

The  mercury  is  filtered  through  ticlcing-cloth,  and  tnen  placed  in 
|«Mt-tron  bottles,  each  containing  al>out  60  pounds. 

The  ore  at  Idria  cnn.sists  of  several  kinds',  according  to  the  nature 
'  of  the  sohatancea  with  which  tlio  cinnabar  i.i  intimately  mixed.  The 
,  richest  ores,  which  arc  found  in  limestone,  and  yield  .10  to  GO  per 
It.  of  mercury,  ire  eallei]  sf/i/ilerz;  and  the  lebererz,  or  cinnabar 
f'BOttcred  through  very  bitmninifiis  echiet  yields  40  to  50  per  cent, 
rof  mercury.  The  zieyelrrz  only  contain  from  10  to  20  per  cent., 
ia  them  the  sulphide  is  di&Mnniuatcd  in  schists  atad  qtmrtsosc 
iMiidilDite. 

5  1113.  Certain  parts  of  the  vtaxa  U  Almadcn  contain  pure  cin- 
I  iiahsr,  wliile  the  gi-enter  portion  '»  composed  of  cinnabar  scattered 
iroogh  quartzoae  »nd  nrtnllnccona  gangncs,  yielding  only  about  10 
lj>er  cent,  of  merctirj.     The  Spunish  mines  furnish  anoDally  more 
[-than  2(^00  tons  nf  mercury. 

At  Ahnaden,  %b  at  Idria,  the  treatment  cooaists  in  roosting  the 
[ore  in  furooces,  one  of  which  in  represented  in  figg.  582  and  S6S, 
|ftnd  which,  in  Spain,  are  called  huytronet.  The  furnace  con»i.iteDf 
prismatic  space  AJ),  aeparuled  into  two  comnartmenta  by  a  brick 
f*rcb  pierced  with  holes.  The  ore  is  heaped  m  the  apace  B  above 
I  the  arch,  the  larger  pieces  being  at  the  bottom,  and  the  whole  ia 
'  covered  with  bricks  made  of  a  mixttire  of  clay,  powdered  ore,  and 
•  mercurial  dost  arising  from  the  operation.     At  the  upper  part  of 
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the  furnace  B,  npurturca  p  coKununioate  witt  earthen  reoeivera, 
nrrntiged  on  caeli  oth^r  in  row».    Fig.  584  roprcsente  flome  of  thwa 

^^^^^^^^mri^^'^H^  mercury  oozes  through  the  joint*  of  tl)« 
Fig,  681.  aladflls  on  the  lower  row,  and  flowa 

into  a  canni  hh,  which  conveva  it  inio  a  receinng  basin  vt-,  n,  n, 
vhil«  the  gOBoai  saixcd  with  the  mercurial  vapoura  which  have  aot< 
been  condensed,  are  couTejed  into  a  chamber  E,  where  mercurial ' 
dust,  which  is  ti>  be  removed  from  time  to  timo,  is.  deposited.     The 
dost  jieWf.  ^y  flltrriiii.',  a  certain  quantity  of  fluid  mercury,  and  ilie  i 
^^_  _^^  residue  is  mixed  with  clay  of  which  i 

ciny  bricks  arc  maile,  to  bo  again 
heated  in  tlie  furnace  as  aboi*e 
fitated.  The  firinf;  lasts  for  VI  or' 
13  houra,  after  which  the  furnace  i 
ill  aliened  to  cool  for  3  or  4  d.tys 
when  the  iuatcria.U  are  withdrawn 
and  a  second  operation  commenced* 
§  1114.  Mercurial  orc8,  connMing-^ 
of  mixtures  of  cinnabar  and  lil 
titonc,  are  also  found  in  the  duchj 
of  Dcux-PoDts,  (France,)  aod  mi 
worked  by  bein^  heated  in  carlhct 
Fif.  &9(.  totorta  A  (fif.  385)  furnished  wit 
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tartbea  receiTere  B.  and  clispniicd  in  n  gallej-farniice  M.  A.  cer- 
tain quantity  of  wattr  is  pkived  in  the  receivers,  where  the  Rulpfaido 
I  of  mercury  in  this  eiuc  is  tlecomposed  by  Ihe  lime,  while  sulphide 
pt  calciom  and  eulpliate  of  time  are  round.  The  meroorj  set  free 
■ondnaBeB  in  tlic  rceciron!. 
r  i 


SILVEB. 
EoCTVAtEST  =  108  (1350.0 ;  O  =  1 00). 


§  Ills.  The  silver  osed  for  coin  and  plate  is  ntvcr  pure,  hot 
cintains  a  certain  proportion  of  copper.     In  order  to  obtain  pure 

t^x'er  the  alloyed  metal  i»  disBolved  in  nitric  acid  and  sca-snlt  aadcd 
I  the  eolation,  when  the  silver  is  precipitated  in  the  state  of  insoluhlc 
ehloride,  wHIe  the  other  metaU  remain  in  solution.  100  parts  of 
the  dried  chloride  of  silver  being  mixed  up  with  70  of  chalk  and  4 
or  5  of  charcoal,  are  Intro  Jueed  into  a  t-ky  crucible  and  heAl4>d  to  a 
strong,  whit*-heat,  when  earbomc  ox\d(s  is  disengaged,  while  chloride 
of  calcium  and  metallic  silver  art'  formed.  After  cooling,  the  siU'cr 
^u  found  in  a  button,  at  the  bottom  of  the  crucible,  covered  ty  &  slag 
''  ehloride  of  caldum. 
Silver  is  dietinguished  from  all  other  metals  by  its  brilliant  white 
lour,  and  a  lustre  which  docs  not  tarnish  In  the  air,  unless  the 
MtCT  eontaiu  Bulphuretted  vapours.  When  highly  polished,  silver 
lecto  light  and  neat  better  lliaii  any  oilier  metal,  and  its  radiating 
Bwer  is.  coMetiuently,  very  feeMe,  for  which  reason  a  dose  silver 
st  will  retain  the  lieut  of  a  Ii<juid  which  it  may  contain  longer 
ban  a  vessel  of  any  other  metal.  Silver,  the  density  of  which  of 
10.6,  ifl  harder  than  gold,  hot  softer  than  copper,  while  the  addition 
of  «  small  quantity  of  copper  increases  its  hardness.  It  is  the  most 
nallMble  of  the  metalo,  after  gold,  and  can  be  beaten  into  very  thin 
laaree,  and  drawn  one  into  extremely  fine  wire.  It  possesses  aJso 
tenneity,  for  a  wire  of  2  millimetrea  in  diameter  brcedu  only 
a  weight  of  85  kilogramme?. 
The  fusing  point  of  silver,  which  is  at  a  wh)te<heat,  ia  supposed 
I  be  abont  lOOO**  of  the  air  thermometer.  It  gives  off  very  apprc- 
iablo  vnponrs  at  the  temperature  of  a  forj^fire,  and  sooo  r.ola- 
Uses  when  exposed  to  the  elevated  tcmperatoro  obtained  hetween 
to  roal»  tenuinating  the  condactors  of  a  powerful  battery. 
Silver  may  be  crystallized  in  cubes  by  fusion  by  tho  method 
(§  991),  and  native  silver,  which  b  often  found  in  beautiful 
,  also  affoets  the  cubic  form,  modified  by  tbo  faees  of  the 
ron  or  other  simple  forms  of  tlie  Tegular  ayetcm.    Tbo  amall 
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crjrataU  obtained  bj  precipitating  silver  by  means  of  feeble  gaira 
action  are  likewise  cul>es. 

Although  silver  neither  absorbs  ox/gen  at  the  Ofdinorj  temper 
ture,  nor  coTohines  permanently  with  that  RiibHance  at  a  high  tem- 
pcruturLS  it  will,  when  kept  in  a  very  pure  state  for  a  Itmg  time 
fused  in  the  air,  absorb  a  considemhle  proportion  of  oxygen,  with 
which  it  parts,  on  cooling,  before  solidifying.  A  portion  of  the 
metal  is  frcrinently  thrown  out  of  the  crucible  by  the  evolution  of 
the  gas.  The  absorbing  power  of  silver  is  shown  by  the  following 
experiment: — 3  or  4  kllop-animcs  of  very  pure  silver  are  fuaeil  in 
Uk  earthen  crucible,  and  when  the  metal  has  attained  a  very  high 
temperature  the  crucible  is  uncovered,  and  a  small  quantity  of  salt-' 
petre  in  addeil,  wliieli,  by  doeompusiug,  maiiitain^i  au  atmospliere  of 
oxygen  in  the  crucible.  After  tbu  addition  of  tlic  lost  [lortion  of 
the  saltpetre  tiio  crueible  is  kept  covered  for  half  &u  hour,  tlie  high 
temperature  etill  being  inaiuliunctl,  and  i«  then  plunged  into  a 
water-cistCTu,  beneath  a  bell-class  filled  wiih  water,  when  the  ox}'- 
gen  absorbed  it)  imuediulcl y  diavnguged,  and  collected  in  tho  ^aia. 

It  bus  bi-eit  ascerluiued  that  eilvi-r  can  absorb  22  times  its  voluDM 
of  oxygen,  which  property  is  destroyed  by  tho  presence  of  a  vcijJ 
amall  quantity  of  foreign  metals.  ' 

Silver  is  not  oxidixcd,  at  a  red-heat,  by  contact  with  the  cawlic 
alkalies  and  alkaline  nilriitea,  for  which  reason  silver  crucibles  arc 
used  when,  in  irliemiiial  unalysis,  siiliwiances  are  to  be  treated  with 
caustic  potassa  or  saltpetre,  which  would  nltark  ptatiuuui  cruciblttJ 
But  dilvcT  is  affected  by  fused  alkaline  silieaies,  oxide  of  sUrsfi^ 
which  diBsolvcs  in  the  silicate  and  colours  it  yellow,  biding  formed. 

Silver  decomposes,  only  In  a  very  feeble  manner,  elilorobjdric 
acid  in  solution,  and  reaction  takes  place  only  when  the  metal  is 
very  finely  divided  and  the  acid  in  kept  at  the  boiling  point.  Dilute 
sulphuric  acid  does  not  attack  silver,  while  the  acid  when  hot  and 
concentrated  K«on  decomponcs  it,  sulplninniH  acid  being  disengaged 
while  sulphate  of  silver  is  forraoct.  Nitric  acid  acta  on  silver,  even 
at  the  onliuary  temperature,  disengaging  deutoxidc  of  nitrogen  and 
converting  the  silvtT  into  a  uitiate.  8ulfbydric  acid  is  decomposed 
by  silver  at  tlio  ordinary  temperature ;  and  a  polished  blade  of  aUvcr 
soon  bluekcns  in  a  solution  of  a  sulf  hydric  acid,  and  becomei;  eovered 
with  a  black  p>L'llic1e  ofHulpUide  of  frilvcr.  Chlorine,  bromine,  and 
iodine  act  on  silver  even  whon  cold. 


CUMPOUNDS  OF  SILVEE  VVtB  OSYOEN. 

§  1116.  Three  compounds  of  silver  with  oxygen  are  known  : 

The  suboxide,    Ag,0. 

The  protoxide,  AgO. 

The  binoiide,     AgO,. 

,  The  protoxide  is  the  only  oxide  of  silver  possessing  any  iot 


By  hratiog  to  212°  in  s  curreDt  of  hydrogen  gas,  cortun  sales 
formed  by  tlie  protoxide  of  silver  with  or^nic  aoiib,  for  example 
tbe  nitrate,  thfi  protoxido  losses  one-half  of  its  oxygen,  and  a  sub»ah 
of  silrer  i3  formed,  whicli  dissolrea  in  water  ana  prodocce  a  brawn 
solution,  from  which  caustic  pot^iKift  precipitates  the  suhoxide  A",0 
M  a  black  powder.  The  sabsalts  of  Htlver  appear  to  bo  formed  iiDa«r 
sereral  other  circumstances,  wben  prot08alt5  of  the  metal  are  sub- 
jeeted  to  deoxidizing;  ajcenoJes. 

Protoxide  oftiicerAf^O  is  nhtnined  by  pnunngpot-asea  in  excess  into 
a  aolutiun  of  nitrate  of  silver,  when  a  brown  predpilate  of  hydrated 
protoxide  is  formed,  which  readily  parts  with  its  water  in  a  dry  vafimm 
or  at  a  moderat«  hiiat,  becoming  ennverted  into  an  olive-coloured 
powder  of  anhydrous  protoxide.  Heat  soon  drives  off  tlto  oxygen 
frotn  the  protoxide  of  silver,  and  it  la  also  decomposed  by  the  solar 
njK  'i'be  hydrated  protoxide  dieeolres  slightly  in  water  and  causes 
the  latter  suhsetjucntty  to  exert  an  ullcalme  reaction  on  coloured 
tinctured:  but  it  do(?fl  not  fiombino  with  the  caustic  alkalies.  Prot- 
oxide of  ?itvcr  ia  H  puworful  badie  which  combined  with  even  the  must 
frablo,  and  oomplctoly  neutralizes  the  most  powerful  acids  ;  thug  tii- 
tnte  of  silver  hehnvea  perfectly  neutral  with  coloured  litmus  paper. 

When  ihe  two  pluttnam  conductors  of  a  battery  are  dipped  into  a 
dilate  eoIutioD  of  nitrate  of  silver,  contained  in  a  Vi  shaped  tube, 
the  positive  conductor  becomes  coated  with  brilliant,  black  prismatic 
crystals  of  binoxide  of  aUvtr  AgG„  which  is  more  fixed  than  the 
protoxide,  as  it  resists  a  temperature  of  212**  and  is  decomposed 
only  at  aboat  302°,  whtin  it  is  conv^cd  immediately  into  metallic 
silver.  Ii  disengages  oxygen  when  in  contact  with  acids,  yielding 
proto«alta  of  silver.  With  chlorohydrio  a<id  it  evolves  chlorino.  \X 
deoomposes  ammonia  with  effervesence,  tbe  oxygen  given  off  by  tbe 
hmorioc  while  the  latter  is  reduced  to  protoxide,  uniting  to  form  water 
with  the  hydrogen  of  the  ammonia,  while  nitrogen  13  disengaged. 

Ammoniurct  of  Oxide  of  SUvtr. 

§  1117.  By  digesting  oxido  of  silver  with  a  concentrated  solution 
of  caoslic  ammouiu,  a  black,  highly  explosive  powder  is  formed, 
wllicb  is  also  obtained  by  pouring  caustic  pota-t-ta  into  the  solution 
«f  a  salt  of  silver  iu  an  excess  of  cauBtic  ammonia.  This  compouitd, 
«a]led  fulminaixng  tilver,  detonates  very  easily,  and  hIiouM  be 
handled  with  the  greatest  care,  ns  it  even  explodes  under  water 
when  the  latler  is  heated  to  212°.  Chemists  are  not  agreed  as 
to  the  composition  of  fulminating  silver ;  while  some  rcgani  it  as 
formed  by  the  direct  combination  of  ammonia  with  oxide  of  silver, 
sad  naaign  it  the  formula  AgO,NI{„  others  consider  it  aa  an  amidide 
of  silver  AgNII,  produced  by  the  reaction  AgO+NU,  =  AgNlI,4- 
HO ;  and  lastly,  a  large  nuiubor  suppose  It  to  be  asiuplo  niirato  of 
silver  arising  from  the  reaction  expressed  by  the  equation  SAgO'f 
NH,«iA^'-l-3HO. 
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SALTS  FORMED  BY  PROTOXIDE  OF  BIL^'EB. 

^1118.  Ad  bas  already  been  eaid,  {§  1116,)  protoxide  of  sUrer  ia 
fl  powerful  lioxc,  whicti  combinea  with  eveii  tlie  weakest  acidii,  and 
■perfectly  neutralizes  powerfal  acida  as  regards  their  actioo  on 
coloured  re.xgetitji.  Under  some  circunistaufi-s  potoxide  of  silver 
eren  behaves  like  a  base  stronger  than  the  alkalies,  for  ii  decom- 
poses some  alkaline  Balttt  by  abstracting  »  portion  of  their  acid ; 
which  reaction,  however,  only  takes  place  vben  a  double  salt  can 
bo  formed.  The  salte  of  silver  arc  colourless  when  the  acid  it&elf  is 
colourless.  The  solublo  sulu  of  silver  aro  obtained  by  diMolving 
the  carbonate  of  &ilrcr  in  acids,  while  those  that  arc  insoluble  ore ' 
prepared  by  double  dec oui position  \>y  moans  of  iho  nitrate  of  silver 
cAtaincd  ly  dissolving  the  motal  iu  nitric  acid.  Tiic  solublo  salts 
of  sjli-er  have  a  disagreeable  metallic  taste,  and  are  very  poisonous. 
All  the  salts  of  silver  arc  blackcnod  by  eolar  liebt :  they  are  decom- 
posed, and  metallic  silver  separates.  The  soli^Io  salts  present  tie 
following  charactcriitic reactions; 

Potussa  and  s<x[a  throw  down  a  brown  precipitate  of  liydratcd 
pTCtoxide,  which  does  not  dissolve  iu  an  cxoese  of  reagent,  while 
unmonia  pruduci'S  the  buiuc  prccipitule  iu  neutral  solutions,  bat  re- 
dissolvos  it  flntircly  when  present  in  cxecee;  and  if  the  solution 
contaius  a  great  excess  of  acid,  it  is  not  clouded  by  nmniouia,  be- 
cause a  double  salt  of  silver  and  nniinouin,  indecomposable  by  an 
excess  of  ammonia  ia  formed.  Carhouutcs  of  potussa  and  soda  yield 
a  dirty-white  precipitalo  of  cjirlonate  of  silver,  which  does  Dot  diis- 
Aolvo  IU  on  excess  of  reaccut,  and  carbonate  of  auimoiiiu  produces 
the  same  precipiluli?,  which  dissolves  in  an  excess  of  carbonate  of 
aoimoQia  and  in  caustic  ammonia.  The  prccipitawd  oxide  and  car- 
bonate of  silver  are  ca*ily  decomposed  ly  heat,  and  yield  a  spcragy 
laus  of  metallic  silver,  which  becomes  compact  by  percus.<iion  and 
presents  all  the  phyeiical  chunicters  of  malleable  silver. 

Sulf  hydric  acid  produces  a  black  precipitate  of  .lulpliiJc  of  silver, 
and  the  alkaline  sulf  hydrates  yield  the  same  black  precipitate,  which 
does  not  dissolve  in  an  excess  of  sulf  hydrate. 

Fcrrocyauide  of  potassium  yiehbj  a  white,  and  the  cyanoferride 
^or  red  priissiate,  a  browninh-red  pre(;ipitate. 

Chlorohydric  acid  and  tlio  soluble  chlorides  form  in  solutions  of 
'  nbflr  A  white  precipitate,  which  n-adily  collects,  on  sliaking.  into  a 
OOOH^ichtod  mass  if  the  litiuid  contains  an  excess  of  nitric  acid. 
This  prccipitatu  is  insolnblo  in  an  exces»  of  nitric  acid,  but  difisolvM 
readily  iu  ammonia;  and  if  tlii>  latter  be  saturated  by  an  acid  the 
chloride  of  silver  is  again  precipitated.  The  precipitate  soon  tunis 
block  iu  the  light,  first  assuming  a  violaceous  hue,  whicb  distingojehes 
it  from  freshly  precii>itatud  mibchloride  of  mercury  Hg,Ci,  which  is 
formed  when  a  soluble  chloride  is  poured  into  a  solutiuu  of  a  subaall 
of  mercury,  and  which  remains  white  for  a  long  time.     A  binds  of 
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SDC  <yt  iron  brought  into  oontnct  with  the  moist  chloride  decom- 
poses it  and  svpantes  the  metallic  silver. 

Tbo  soluble  io<lid«s  form,  in  solutiona  of  ailrcr,  a  yellowiah-whito 
precipitate  of  iodide  of  nilver,  vrhich  cUssolvcs  vitfa  difficulty  in  a 
great  excess  of  acid  or  ammonia. 

Silver  is  prcvipitutcd  from  itn  Rolutiom  in  the  metallio  state  by  a 
ereat  nambcr  of  metalit,  particularly  bv  ii"on,  line,  and  copper. 
Alercory  f&cets  tlic  Baino  dccomponition,  Init  the  silrer  precipitated 
oombooes  gradually  with  tlie  merciiry  until  a  solid  aTnntgnm  is 
fonncil,  the  eJIrcr  subso<|uenLly  deposited  forming  long  brilliant 
Deodlee  of  an  amal^m  of  Bilvcr,  filling  Bumetimes  the  vholc  Bohi- 

rXhiit  erystuUization  lA  called  the  arbor  Dianv. 
Nitrate  of  Silver. 

%  ni9.  Silver  diwwlve))  readily  in  nitric  acid,  and  on  criporating 
tho  liquid  the  nitrate  of  silver  formed  crystalliucf,  in  the  anhrdrous 
state,  in  the  form  of  large  cnKmrless  plates.  Nilratc  of  silver  is 
generally  made,  in  the  hiboratory,  from  coin  which  enntmnH  jV  of  its 
weigtt  of  copper,  by  disfiolvinj^  it  in  nitric  acid,  and  evaporating  to 
dryness  the  blue  solution  obtained,  vhiclt  contnintt  both  nitrate  of 
silver  and  nitrate  of  copper.  The  residue  is  fused  in  o  porcelain 
capsule,  at  a  temperature  beloir  a  dull-red  heat,  when  the  nitrate 
of  copper  ii  converted  into  protoxide  of  copper  CuO,  which  colours 
thft  iDsed  nitmte  of  »ilrer  blac):.  The  temprraaire  i»  mnlntained 
until  the  nitrate  of  copper  is  entirely  decompoi-ed,  which  is  oacer- 
taiaed  by  extracting  a  certain  portion  by  nieanii  of  a  glass  rod,  dis- 
solving It  in  a  smftll  ((Uantity  of  water,  and  pouring  an  excess  of 
ammonia  into  the  filtcml  solution  ;  if  tho  liquid  iloes  not  turn  blno 
the  nitrate  of  copper  is  entirely  decomposed.  The  snbetance  is 
then  dl<»olred  in  water,  and  tho  oxide  of  copper  separated  by  fil- 
tration. 

The  oxide  of  copper  remaining  in  tlic  liquid  may  also  be  precipi- 
tated by  oxide  of  silver.  After  having  evaporuted  to  dryness  tlic 
aolBtioa  of  the  nitrates  to  drive  oS*  the  excess  of  acid,  nnd  dissolved 
the  residue  in  water,  about  J  of  the  liq^uid  is  separated,  and  is  com- 
pletely precipitated  by  caustic  potaJ!«a  in  cxceea,  when  tbo  oxides 
of  ailrer  and  copper  are  deposited.  They  are  washed  with  cold 
Tster  and  then  boiled  with  the  romaimng  J  of  the  liquid,  wlion  the 
oxide  of  silver  completely  precipitates  the  oxidt;  of  oopp*T,  while 
IUCrftt«  of  silver  nlonc  romnius  in  solution,  the  deposit  consisting  of 
a  largo  quantity  of  oxide  of  copper  and  very  little  oxide  of  silver. 

KiCrste  of  silver  is  alito  frequently  prepared  from  the  ehloride, 
whieb  is  always  obtained  iu  htrge  quantities  in  laborutoriofl  where 
minerals  arc  analyzed.  The  chloride  of  silver  may  be  deeompoKed 
by  lime,  in  a  crucible  hckted  to  a  white-heat,  as  stated.  (§  1115), 
and  pure  meinllic  silver  may  lie  thus  obtained  and  afterwardH  dts* 

Ircd  in  oitric  acid ;  bat  gcncraUy^  a.a  iron,  rod,  previously  moist- 
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encd  with  water  acidulated  by  chlarobydric  acid,  is  (lipped  into  tha 
chloride  of  silver,  whicli  U  thus  gradually  dccamposed  and,  after 
some  time,  leaves  only  metallic  silver,  whicli  la  washed  with  ncidu- 
Utcd  water  and  dissolved  in  nitric  acid. 

Nitrate  of  silver  ia  nolublc  In  ita  weight  of  cold,  nnd  one-half  of 
its  weight  of  boiling  water,  and  alio  dlasolvcs  in  4  parts  of  boiling 
alcohol.  It  has  been  mentioned  that  nitrate  of  silver  fuses  without 
change  at  a  (eraperaturo  below  a  dull-red:  it  solidifies  on  cooling 
into  a  crystalline  nnuse,  and,  if  further  houtod,  it  dccotaposce.  At 
the  comtnenefiiient  of  tW  dccoiuposiiion  oxygen  alone  is  disen- 
gaged, antl  the  salt  ia  transformed  in  iho  nitrite  AgO,NO,,  whila 
Bubsc'^ucu tly,  both  oxygen  and  nitrogen  are  disengaged,  and  finally 
tnetftllic  silver  alone  rcmdine. 

Fused  nitrate  of  silver  is  used  in  surgery  as  a  caatery,  trndn*  the 
DBinc  of  lapit  infemalif,  which  is  usually  employod  in  the  shape  of 
small  sticks  Cixcd  iu>  the  end  of  a  pencil-holder.  The  sticbi  are 
made  by  pouring  fused  nitrate  of  silver  into  an  iron  mould  similar 
to  Umt  represouted  in  fig,  823,  (page  445,  vol.  i. ;)  and  because  the 
sides  of  tlie  mould  decompose  n  .iinall  (luantity  of  the  nitrate,  the 
aticks  generally  appear  blaek  at  the  euriaccs.  M 

Nitrate  of  silver  is  also  used  internally  in  certain  fonoB  of  epi-" 
lepsy*  bat  it  ifl  a  daugereua  remedy  and  should  be  admiluBtered 
with  great  prudence.    Person.^  who  hare  taken  this  medicine  should 
avoid  exposure  to  the  light  of  day  until  the  salt  of  silver,  which  is 
distributed  throughout  the  whole  organism,  has  been  carried  off, 
irithout  which  precaution  all  the  parts  of  the  body  exposed  to  light , 
torn  blue,  in  conse^iucnce  of  the  decomposition  oi  the  salt  of  sUi 
in  the  subcntaneons  tissue 

Nitrate  of  silver  is  decomposed  feebly  by  solar  light,  and  mc 
rapidly  in  the  presence  of  organic  sabstanccs.  A  drop  of  a  solation' 
of  nitrate  produces  a  browniah-black  mark  on  the  shin,  wliich  oau  be 
remuved  only  by  a  solution  of  cyanide  of  potansium.  When  a  pieoe 
of  linen  soaked  in  nitrate  of  eilver  is  exposed  to  a  current  of  hy- 
drogen gas,  it  remains  covered  with  metallic  silver  presenting  n 
certain  degree  of  lustre ;  which  propei-ty  bus  been  applied  to  the 
silvering  of  demgns  on  mufiliiis,  but  without  much  sucoess. 

Nitrate  of  silver  absorbs  dry  ammoniacal  gas,  and  forms  a  cem- 
poiind  of  tho  foi-mula  AgO.NO^+SNH,.  from  which  heat  com- 
pletely expela  the  ammonia.  If  nitrate  of  eilver  be  jvjured  into  ui 
excess  of  ammonia  and  the  liquid  be  o-aporated,  it  depusittf  crystals 
of  which  the  formula  ia  AgO,NO,+2XA,.  i 

When  a  solutiuu  of  nitrate  of  silver  is  boiled  with  very  fine!] 
divided  metallic  sliver,  obtained  by  chemical  preparation,  seoDtn, 
derable  qoaotity  of  silver  will  be  found  to  dissolve ;  and  compoimds, 
analogous  to  thoso  formed  when  a  solution  of  nitrate  of  lead  is  boitcd 
with  metallic  lead,  (§  967,}  are  probably  produced. 
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Sitlphati  of  Silver. 


§  1120.  Sulphate  of 


_  ir  J9  obtained  by  heatiog  melallic  alver 

*itli  concentrated  sulpharic  acid,  wh«Q  aulphurous  act<l  is  dmn- 
SBged  wkilc  a  white  crystalline  powder  of  sulphate  of  silver  ig 
fortned.  It  ia  also  obtHined  by  pDoring  Bulphurio  acid  or  salphato 
'  sotla  into  a  hoilicg  solution  of  nitrate  of  silver,  in  which  coae  the 
dpfante  of  silver  is  prccipitutod  in  iho  form  of  Ktnull  prittmatic  orya* 
li».  Dui'tng  the  exiling  of  the  liquid,  acvi  cryntols  arc  deposited 
fhieh  are  sufficiently  di-velop«d  U)  allow  their  ghape,  which  is  the 
Mime  OS  that  of  aohydroiu  eulphate  of  aodu,  to  he  dbtinguisbod. 

Iulphate  of  silver  is  very  slightly  soluble  iii  wuter,  a«  hot  water 
urcely  disaolvce  J^  part  of  it ;  Vut  it  readily  dLssolvca  iu  ummoain, 
id  the  liifuid,  when   evaporated,  yields  crystula  of  a  compound 
dphate  of  silver  and  aanuonla  of  the  formula  AgO,SO(+2NU,. 
I  Ilifpctulphite  nf  Silver, 

i  1131.  Protoxide  of  BiKer  has  so  great  an  affinity  for  liTposuI- 
phurotis  acid  that  it  ah»tra«ts  it  from  potassa  and  sodn.  ff  oxide 
of  «ilrrr  he  digested  with  a  solution  ef  hyposulphite  of  soda,  a  con- 
Sidornble  proportion  of  oiide  of  silver  dissolves,  and  the  liquid,  whon 
emporaLed,  yietda  cry»tnta  of  the  double  hyposulphite  of  soda  and 
Btlver.  The  chloride,  bromide,  and  iodide  of  silver  aUo  disAolve 
readily  in  a  solution  of  hypoeulphilc  of  soda,  and  after  evaporation 
ibe  liiiuid  affords  the  same  crystals  of  double  hyposulphite.  The 
•olability  of  the  chloride,  bromide,  and  iodide  of  uilvcr  is  applied  in 
pbotography,  to  the  fixing  of  the  image :  that  is,  to  llio  removal  of 
the  cotnpou'ndfl  of  silver  fronn  the  parts  which  have  not  been  acted 
on  by  light.  Soliuions  of  the  double  hyposulphites  when  boiled 
give  off  Riilphide  of  silver,  and  sulphate  of  atidii  is  formed.  The  hy- 
pooulphite  of  silver  can  be  obtained  isoUted,  in  the  f'oroi  of  a  white 
powd«r,  by  pouring  a  solution  of  hyposulphite  of  soda  into  a  solu- 
Hon  of  nitrate  of  silver ;  but  the  precipitate  soon  blackens  in  the 
light,  Bulphide  of  silver  being  formed. 

^H  CarioTtate  of  Silver. 

^B  (1125.  Carbonate  of  silver,  which  ia  obtained  in  the  form  of  a 

^Thilc  precipitate,  by  pouring  carbonate  of  soda  into  a  eolution  of 

nitrate  of  silrer,  soon  turns  broyn  whon  exposed  to  solar  light,  and 

R  readily  decomposed  by  heat. 
Acetate  of  Silver. 
1 1123.  Acetate  of  silver  is  prepared  by  dissolving  the  carbonate 
in  acetie  acid,  or  by  pouring  acetate  of  soda  into  a  concentrated 
het  solution  of  nitrato  of  silver ;  in  which  case  the  acetate  of  silver 
^M||ga)liaos  in  small  prismsi  during  the  cooliD| 
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COKPOUUDS  OF  SILVER  WITH  SULPffUB, 

1 1134.  Silver  and  stilplur  eoiubino  directly  when  &  inixtnro  of ' 
the  two  snhstnnces  is  hoatocl.     The  cxcwta  of  sulpliur  lUstiU  over, 
and  if  it  be  h*at«(l  to  redncsB,  the  sulphide  of  silver  fuses  ond  so- 
lidifies into  a  crystalline  nuiaa  on  cooling.     Sulphide  of  eilver  oor- 
responds  to  the  protoxide:  its  formula  is,  consoq^uently,  AgS.     Hi 
is  fgunJ  eryBtalliaed  in  imturc  in  regulnr  octohedrone,  commoDl/j 
EMdificd  by  eeconditry  facets,  fonnin^  a  blaclcish-j^ay  nilneml  of 
"UfiitaUoid  lustre,  the  density  of  which  is  7.2.     Sulphide  of  silvc 
poBsessea  a  certain  Jegree  of  malleahititv.  and  will  receive  imprea 
acrta  nndcr  the  coining-prcBs;  hot  it  13  no  soft  that  it  can  be] 
Bcratched  with  the  nail.     Sidphido  of  Rilver  ie  converted  hy  roast-l 
inz  into  sulplmrous  acid  and  metallic  silver.     Concentrated  boilingi 
chlorohydric  ncifl  doenmpoBcs  it  by  diacngnging  fiiilf  hydrio  acid  and  [ 
forming  the  t-hloride.     Concenliated  hot  Kiilphuric  acid  also  aotSC 
it  and  converts  it  into  a  Eulpbatc,  the  action  of  nitric  acid  yicl<liE_ 
the  same  product.      Sca-itah,  protochloriJo  of  copper,  aud  soma] 
other  metallic  chlorides  convert  the  tulphidc  of  wlvcr  into  a  chl< 
ride  when  a«sii4ted  by  heat. 

The  same  sulphide  of  silver  is  produced,  by  the  humid  way,  wbeQil 
a  snh  of  silver  is  precipitated  by  sulfhydric  acid,  or  by  an  alkalit 
snlfhydrnto.  Silver  decomposes  eulfhydric  acid  even  when  cold^l 
es]icctaily  in  ihf  presence  of  water,  uod  ita  surface  becomciS  covered] 
with  a  black  pellicle  of  sulphide.  On  account  of  which  property^! 
Mlvcr  soon  llackena  in  the  vicinity  of  euIphurcUed  emanations; 
for  cxaiDpIc,  silver  plate  soon  hceonics  tarnished  when  eggs  or  ^tiilfi 
or  any  Icmd  of  fooa  which  can  evolve  sulfhydric  acid,  ishealctl '' 
it;  etipecially  when  the  articles  are  not  very  fresh. 

Sulphide  of  silver  combines  with  a  great  nomber  of  metallic 
phides,  and  principally  with  the  electro  negative  sulphides,  sac 
ns  thofio  of  aracnio  and  antimony,  forming  double  sulpntdes,  oil 
of  which  occur  rryslallized  in  nature. 

Native  atilphldc  of  silver  is  isomorphouA  with  native  sabsulphido] 
of  copper  Cu,S,  and  the  two  sulphides  appear  to  poe&ess  the  pro- 
perty of  replacing  each  other  in  every  proportion,  aa  occurs  for  ex- 
ample, in  the  gray  copper-ore  or  fablers.     We  have  said  that  such 
isouioiphisTn  exists  only  between  snhstances  nresentinj^  iho  same 
chemical  formiil.'C,  and  havo  frcfiiicntly  insisted  on  this  law  to  estn-j 
blish  the  eciuiviik'nta  of  simple  bodies.    But  sulphide  of  silver  would  ( 
pro-'ent  an  csception  to  the  law  if  its  formula  was  written  ilgS,  that 
IS,  if  the  number  108  were  adopted  for  the  erjmvalent  of  the  metal ; 
which  consideration  Iiae  induced  several  chemists  to  assign  to  aul- 
pliide  of  silver  the  formula  Ag,S,  that  of  Ag.O  to  our  protoxide  of 
silver,  and  to  take  the  number  64  for  the  equivalent  of  silver.    Thigl 
opinion  is  also  confirmed  by  scvL'ral  other  circiimatanccs.  on  whichj 
we  shall  briefly  dwell.    It  has  been  demonstrated  by  a  groat  number 
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of  experiment,  that  a  very  simple  mtio  extsU  between  the  specifio 
kttts  of  ttimple  (joilics  und  tlicir  chomical  cquivn]cQts,iind  a  law  bna 
lieev  olwcrveil  uccordin^  to  nliich  f/uf  tf>e,v^e  Jiaitg  oj'aitnpU  ftodKi 
are  to  tach  other  nearly  in  the  iitverte  ratio  of  their  eijuivaitnta. 
VoWy  silver  ool;  satiftfies  this  law  Ij  admitting  tlic  numbor  &4  for 
ila  equivalent.  Morcuver,  an  analoguos  law  bas  been  found  for 
ooDipound  bodies,  b;  which  the  xpecifie  heatt  of  compound  bodia, 
cfthe  iamc  formula,  arc  to  each  outer  vary  nearly  in  the  inverte  ratio 
<ff'the  numhert  which  rtyreseAt  their chemieateguivaientt.  Now,  ih© 
solphidca  of  silror  and  copper  Cu^S  sutisfy  tbi^  law,  if  the  formula 
Aj^S  bo  admitted  for  llio  suljtiiidc  of  silver. 

^ut,  if  tbc  fonaiila  of  sulphide  of  silver  be  written  Ag,S,  imd, 
consequently,  that  of  our  protoxido  of  silver  Ag,0,  tliv  formula  of 
loda  should  bo  written  N&,0  and  doc  NqO,  aa  wo  Iiavo  liitherto 
done;  for  we  have  seen  (S  1120)  that  aulpbatc  of  silver  is  iHomor- 
pbouB  with  anhydrous  sulphate  of  soda.  Tlio  sall.^  of  pota^sa  and 
lithia  beiug  isomorphoos  with  the  correspoiidinp  »uha  of  »odiu,  when 
tii«yooutitin  the  same  quantity  of  water  of  crystiiilizaiioi),  the  formula 
of  potaasa  should  be  written  K,0  und  that  of  Utliia  Li,0 ;  which  new 
fonnol»  are  justiRcd  by  the  laws  of  specific  heat,  and  by  ioveral 
tBaportant  coaai  derations.  In  fact,  it  has  bcca  found  that  the  spe> 
ctM  btata  of  the  chlorides  of  potaa^um,  Bodtuiu,  silver,  and  the  sub- 
dtlorides  of  mercury  llg,Cl  and  copper  Oit,Cl.  are  to  each  other  in 
the  inverse  ratio  of  tlie  ii|iuvaleuts  of  theae  auhstauces.  Naw,  there 
is  no  doabt  that  Cu,0]  is  the  formula  of  subchloride  of  copper,  on 
account  of  the  iiidiapuuthle  isomorphism  of  the  salts  of  the  protoxide 
of  copper  CuO  with  tho  corrc«ponding  salts  of  the  protoxido  of  iron, 
uwagaoeae,  xinc,  and  nickel.  The  chlorides  of  potaxsiuni,  sodium, 
and  silver  should,  therefore,  hiive  funaulte  eimiinr  to  that  of  sub- 
oUoride  of  copper  Cu,Cl,  and  thcee  abould  be  written  K,C1.  No,Cl, 
Ag|C!.  On  the  other  liand,  potasea,  soda,  and  litbia  Imvc  hitherto 
presented  no  case  of  ieomurphiain  with  the  oxides,  the  fermulie  of 
which  arc  written  ItO;  they  never  replace  baryta,  lime,  magnesia, 
tho  protoxides  of  iron,  ma&j^aucse,  unc,  etc.,  which  circamiitancc 
becomes  very  natural  if  the  formula  11,0  is  assiOTied  to  the  alkaline 
oxid«a,  but  is  uoc  explained  if  the  formula  RO  he  retained. 

Considering  these  circumstances,  it  appears  thai  the  equiralents 
of  tbe  alkaline  metals  ought  to  be  reduced  to  their  half:  we  have, 
hovcrer,  been  unwilling  to  make  this  change  in  tlie  present  work 
.before  it  haA  been  adopted  by  a  tnajority  of  cbcmiats. 

CO!t[F0UKD  OP  SILVER  WITH  CHLOfttNE. 

S  1125.  Only  one  combination  of  Bilvcr  with  chlorine  is  known, 

idiug  to  the  protoxide.     Chloride  of  silver  AgCl  is  ob- 

■dding  cbiorohydric  acid  or  a  solution  of  Bca-aalt  to  the 

dotion  of  any  isolublo  Bait  of  silver,  when  a  white  precipitate  U 

which  soon  collects,  by  shaking,  in  oheesy  Iiimpe,  especially 
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if  Uie  liquid  contojns  an  vxcees  of  nitric  acid.  Chloride  of  u\ver  ia 
nearly  iiiaoltiblc  in  water  and  in  v(rak  Bolucions  of  nitric  svid.  hiit 
di&soUcs  sensibly  in  solations  of  cUIorohjilric  arid  or  the  alkaline 
>ridcB.     Concentrated  boiling  clilorob^-drio  acid  dissolvcis  a  con- 

lerablc  quantity  of  chloride  of  silver,  and  the  »iturated  solution 
deposits,  on  cooling,  small  octohedral  cryatalB  of  the  chloride.  Am- 
monia is  a  very  powerfnl  solrent  of  chloride  of  silver,  and  i  he  liquid, 
on  being  exposed  to  the  air,  gradually  loaea  itit  nmmonia  and  de- 
posits octohedral  crystnln  of  chloritle  of  silvrr,  which  frequently 
attnin  quite  n  oonsidorahle  shv.  By  satiirnling  the  Rininoniacfil 
liquid  with  nitric  acid,  the  chloride  of  silver  is  again  depoaited. 
Solutions  of  the  n.lkn.line  hTposulphites  tlissolvc  a  large  riuantitr  of 
the  chloride,  {§  1121.) 

Chl(»ride  of  ailver  fuaea  at  about  500°,  fonninj^  a  jelloir  liqnid, 
which,  on  solidifyinf;;,  yields  a  translucent  Guhstance  rcscmbliitg 
horn,  eiwily  cut  with  »  knife.  At  a  red-heat,  chloride  of  silver 
gives  off  appreciable  vaponrs,  although  it  is  not  sufficiently  rolatile 
to  allow  of  distiliiition.  It  soon  lilnckcns  in  solar  light.  If  the 
chloride  be  Buspended  in  water,  oxygen  is  given  off,  and,  after  some 
time,  the  liquiii  containa  chlorohydric  ncid,  while,  if  the  chloride  be 
drv,  chlorine  is  diHt^ngagcd:  in  both  caaes,  by  treating  the  altered 
BUMtaaco  with  aminotiin,  chloride  of  ttilvcr  ia  disitolvc^l  without  colour, 
wliile  metallie  ulver  remains  in  the  form  of  a  Maek  powder. 

Chloride  of  silver  absorba,  when  cold,  a  largo  quantity  of  dry '] 
uninoniacal  goa,  giving  rise  to  a  compound,  the  comnoKition  of 
which  ia  cxprcased  by  the  formula  AgCH-8Nn,,  and  which  readily 
psrtH  with  its  ammonia  by  the  application  of  heat.  It  haa  been 
shown  (§  V2^)  that  liquid  ammonia  can  bo  obtained  from  tlua  sub- 
:  stance. 

Chloride  of  silver  is  Bometimes  found  crystallized  in  nature,  foina- 
iag  cubic  or  octohedral  crystalM,  of  a  pcarUgray  colour  when  found 
in  the  interior  of  iho  roek,  and  of  a  more  or  less  violaceous  hno 
when  occurring  very  near  to  or  on  the  surface. 

COMFOUKD  OF  SILVER  WITH  BROMINE. 

§  1136.  A  bromide  of  ailver  AgQr,  resembling  the  chloride,  is 
obtained  bv  pouring  an  alkaline  bromide  into  a  solution  of  nitrate 
of  silver,  III  the  sliape  of  a  whit*.-,  slightly  yellowish  precipitate, 
whicb  »  insoluble  in  water  and  nitric  acid,  but  readily  disaolvee  in 
ammonia  and  the  alkaline  Lyposulphitcs.  Chlorine  easily  decom- 
poses bromide  of  silver,  and  transforms  it  into  chloride.  Bromide 
of  silver  has  been  found  native  in  certain  silver'Orcs  from  Mexico. 


COMPOUND  OP  SILVER  WITH  IODISE. 

§  112T.  By  adding  iodide  of  notas^iim  to  a  solution  of  nitrate  of 
silver,  a  Tellowish-white  precipitate  of  iodide  of  silver  Agl  is  ob- 
tained, wiiicb  is  insoluble  in  water,  slightly  soluble  in  nitric 
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and  soluble  bnt  to  a  small  degree  in  ammonia,  vhich  properties 
serve  cuity  to  diRtinguish  it  from  ihc  cbtoride  aod  bromide  of  silver. 
Oblonne  decomposes  it  and  seta  the  iodine  free,  and  chlorobjdrjo 
aeid  eanferts  it  into  a  clilonde.  It  fusen  below  a  red*hent.  At* 
thoiwb  the  effect  of  ligbt  on  the  iodide  ia  loss  rapid  than  on  the 
chlonde,  the  former  S(>un  tuniK  black,  fimt  assuraine  a  brown  lingc. 
Iodide  of  !>ihn  diMolreH  eauily  in  a  solution  of  iodide  of  potassium, 
and  the  liijuid  tIe])OftitA.  on  evapuratiun,  ciystaU  of  a  double  iodide 
Agl+Kl.  Native  iodide  of  silver  has  been  found  in  several  silver- 
ores,  in  crjstala  belonging  to  the  regular  Kjatem. 

COMPODND  OF  SILVEa  WITH  FLUORIKE. 

i  1128.  Fluoride  of  silver  is  obtained  by  dissolving  the  oxide  or 
cari>onat4>  in  fiuohydric  neid,  forming  a.  coiiipoutid  wtiieh  is  very 
Betnble  in  water  and  partly  dccompoees  by  evaporation. 

COMPOUND  OF  SILVER  TTITB  CyAKOQEN. 

1 1139.  By  ftdding  a  solution  of  cyonoUydric  a<nd  to  a  solution 
ftte  of  silver,  a  white  precipitate  of  cynnidc  of  silver  AgCy 
_  yf  is  obtained,  ■which  ig  insoluble  in  water  and  dilute  nitric 
tdi,  while  chbroliydrie  acid  decomposes  it  and  converts  it  into  a 
cfalorido.  Ammonia  dissolves  it  readily,  and  it  is  nlgo  cnsilr  solublo 
to  the  alkaline  cyanides,  with  which  it  forma  cry ntal livable  double 
^uideB. 

C0MP0CSD8  OP  SILVER  WITH  CABBOS. 

S  1130.  Definite  compounds  of  silver  with  citrbon  arc  obtained  by 
deeompo«ng  by  heat  certain  »alM  formed  )>y  the  oxide  of  silvor 
with  organic  acids.  Two  dL-Gnito  rurlurctd  huve  hitliLTto  been  ob* 
nrved,  corresponding  to  the  furiniilaj  Af^C  and  Agt',.  Wicn 
iKatcd  in  the  air  they  become  incaudcsceut,  and,  after  burning  like 
tinder,  leave  metallic  silver. 

DETERJIIN'ATION   OF  SILVER,  AKD    ITS  SKPARATION   FROM  THE 
.METALS  I'aETlOl'SLY  DESCRlllSD. 

11181.  Silrer  is  determined  either  in  the  metallic  state,  or  in 
Ibat  of  the  ch)on<le,  the  first-namcd  method  being  employed  in  the 
caee  of  capfllation.,  a  process  presently  to  be  described.  When  silver 
ii  in  solation,  it  is  generally  precipitated  by  a  slight  excess  of  ehlo- 
robydricacid;  and,  in  order  to  collect  the  precipitate  more  easily,  it 
ii  better  to  employ  a  boiling  solution  to  which  an  excess  of  nitric 
acid  baa  been  added.  The  clear  anpcmatant  liquid  may  be  de- 
canted off,  and.  if  proper  care  be  taken,  none  of  the  prefipiiate  need 
be  lost,  in  ^rdor  to  vraeh  chloride  of  silver,  it  is  poured  into  a  thin 
porcelain  cnjuulr,  filled  with  water  slightly  acidulated  with  nitric 
acid,  and  the  liqiud  is  heated  to  ebullition  by  means  of  an  alco-j 

'lamp,  the  precipitate  being  kept  suspended  in  the  liquid  by 
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Stirring  nith  a  ^^Mt'lttd.  Aller  it  haa  been  allowed  to  rest,  and 
the  cUoride  ha-B  eettlcd  at  the  bottom  of  the  capsule,  the  cloar 
lif^iud  is  removed  with  n  piiictt*  uud  iiitroducetl  into  »  cylinder, 
TThich  procoHs  is  rcpciitcd  until  tlio  tvoshing  ia  completed.  La^Uv, 
anv  particlfs  of  uliloridc  tiiut  iiiuy  have  found  th^ir  way  iiiio  tno 
ojUndor,  are  removed  thence  and  added  to  thnt  in  the  cnpsulv, 
vhero  the  whole  i«  dried ;  for  which  purpose,  the  capsule  is  placed 
lupoD  ftDOthor  <»]jKule  heated  by  an  alcohoMnmp,  by  nhich  means 
a.  hot-air  bath  is  obtained  which  completely  dricH  the  chloride* 
Piiially,  the  capsule  is  weighed  when  cooled,  and,  the  chloride  heJDg' 
tWBOVcd,  the  equilibrium  is  restored  bj  weights.  The  dried  chloride 
IB  sometimes  fiL«ed  in  t]i«  capimle,  in  which  caM*  the  separation, 
which  i,t  attended  with  some  difficulty,  is  effected  by  boiliuj;  a  BmsU 
quantity  of  concentrated  cblorohydric  acid  in  the  capnulc  contain- 
ing the  chloride,  when  the' latter  generally  eeparale»  in  a  »agle 
mass.  If  it  Rtill  adherer,  water  must  bo  added,  and  a  piece  of  sine 
must  be  plact-d  on  the  chloride,  which,  faj  buing  restored  to  the 
netallic  t^tate  by  the  zinc,  immediately  separates. 

The  chloride  of  hilvcr  may  also  be  collected  in  a  very  finely 
pointed  glas?  tube,  the  apprturc  of  which  fioon  becomes  closed,  by 
small  lumps  of  chloride,  sufficieutly  to  prevent  the  escape  of  any  of 
the  precipitate,  without  interfering  with  tbc  filtration  of  tbo  clear 
li(|utd.  The  chloride  is  washed  in  tho  tuhc,  which  ia  then  dried  in 
a  stove.  In  all  cases',  chloride  of  stiver  ehould  bedashed  in  a  room 
Ijglitcd  by  a  lamp,  so  that  it  may  not  bo  affected  by  solar  light. 

§  1182*  The  solubility  of  silver  in  nitric  acid,  and  the  complete 
insolubility  of  cldoride  of  Bilvcr,  renders  tho  separation  of  this  metal 
from  all  the  uictuls  previously  described  an  easy  matter.  Silver 
cannot  be  immediately  prccipitatnl  by  chlorohyilric  acid,  only  in 
the  case  when  it  exists  in  solution  with  a  Hubsalt  of  mercury,  because 
a  mbcturc  of  chloride  of  ulvcr  and  chloride  of  mercury  IIj!,Cl  is  dfi- 
pONtvd.  But  it  is  sufBriont  (u  treat  tliB  pr«cipitste  with  boiling 
nitric  acid,  to  which  a  few  dropa  of  cblorohydric  acid  have  been 
added,  to  dissolve  the  mercury  [ii  the  state  of  protochloride  HgGl. 
Tho  Iwo  jnctals  may  also  be  precipitated  by  sutfhydric  acid,  and 
tho  mixture  of  the  sulphidi-s  roasted  in  the  air,  when  the  mercury 
volatilisOT,  while  the  silver  remains  entirely  in  ths  metallic  state. 

MiETALLrROY  OF  SILVER. 

§  llSil.  The  moat  common  ores  of  silver  are  : — 

1.  Sulphide  of  silver,  cither  pare,  or  mixed  with  greater  or  less 
qnantities  of  sulphide  of  copper  Cu,S,  which  do  not  chango  its  ct>-s< 
tallinc  form. 

2.  Sulphide  of  silver,  combined  with  the  sulphide  of  aiseuic  and 
antimony,  fonnliig  a  grcnt  number  of  minernlH,  to  which  minoralogists . 
gire  different  names ;  e.i/.,  sulfantimoaiate  of  sdver,  of  which  tho 
formula  is  SAgS  +  Sh^„  and  sulfarseniate  of  silver  SAgS+As^.. 
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rbeoe  two  mbersis  afTect  the  Mtne  form  of  crjstallkation,  dearly 
[iroring  tho  isomorphism  of  the  snlphidcs  of  &rs«iii«  A%Sa  uid  of 
kDlimcrn^  Sb^,,  which,  howeTer^  is  still  better  eatabUslied  in  certain 
sinerols  containing  at  the  fcnme  time  sulphide  of  amynic  and  en]. 
9h>de  of  antimnny  in  trying  proportions  6AgS+(Sb„AS,)S,.  Sulf. 
uveotBtefl  aoil  siilfaniimoninte!)  of  nilvcr  are  nlso  found  in  which  a 
IKHiion  of  the  eilvor  is  replaced  by  copper  i)(Cu,,Ap)S  +  (Sb,.As,)S,. 

8.   The  arsenmret  of  silver  Ag^H,  and  the  nntimoninrot  Ag,Sb. 

4.  The  chloride,  bromide,  and  iodide  of  silver,  which  are  some- 
iiDCH  found  in  RifKcient  quantity  to  bo  worked  as  ores  of  silver. 

6.  Many  gihnM,  aod  cupreous  ores  containing  ftil\-cr,  aro  the 
DOSt  common  ores  of  silver  on  tho  Europenti  continent. 

6.  I4ative  silver,  frequently  scattered  throimh  the  levcUiugs  of 
ead  and  argontiforoDS  copper  veins,  and  probably  owing  it«  pre- 
lenee  to  cbemieal  reactions  to  which  the  ore  has  been  subjected  in 
'be  bosom  of  the  onrth,  and  which  hare  removed  the  other  metals 
Q  tbe  Slate  of  solable  compounds,  and  left  the  metallic  itilvcr. 
l^rgB  massee  of  native  silver  are  sometimes  found,  and  at  Konigs- 
)erg,  in  Norn-ay,  hare  been  soon  to  weigh.  280  kilogs. 

§  1134.  Argentiferous  lead-ores  ikro  &rst  worked  for  their  lead, 
'rom  which,  u  it  retains  all  tbe  silver,  the  latter  is  separated  by 
mpellation,  (§987.)  Arcentiforous  copper-ores  ar*  also  worked  for 
heir  copper,  and  the  black  copper  resulting,  is  passed  through  a 
iirnace  with  lead,  furnishing  an  alloy,  from  which  the  argentiferous 
ead  is  scpnrated  by  clitination,  (§  1067,)  and  in  Hubset]uently  sub- 
*ot«d  to  cnpellation.  Again,  the  last  coppery  matte  arc  sabjcctcd 
O  AH  amalgamation,  which  tiball  soon  be  described. 

Ores  of  silver  which  are  too  poor  in  lead  or  copper  to  be  worked 
or  tbe  advnntageouB  extraction  of  these  mctaU,  are  immediately 
objected  to  amalgamation,  after  having  imdergoiio  a  preliminaty 
iT«psration.  Two  different  methods  of  uimilguiuntion  are  used — 
hat  of  Freiberg,  in  Saxony,  generally  adopted  in  Europe,  and  the 
knierican  method,  which  differs  essentially  from  the  European  plan 
a  requiring  no  fuel,  and  in  being  the  only  applicable  method  where 
iiel  ia  scarce,  as  it  is  in  Mexico  and  ijouth  America. 

^.  Frciherg  Proceta. 

^1135.  The  argentiferous  ores  of  Saxony  are  composed  of  nil- 
|thide  of  silver  cumbiaed  or  mixed  with  sulphides  of  arsenic,  anti- 
Mny,  iron,  zinc,  etc.  It  id  important  that  they  should  not  contain 
uore  than  5  per  ecnt.  of  lead,  and,  at  most,  1  per  cent,  of  copper, 
M  thcHe  metals  greatly  interfere  with  the  amalgamation:  theyamaU 
^amate  wilh  mercury  as  readily  ns  flilver,  and  romler  the  amalgam 
very  tough.  The  various  ores  are  sorted  so  itat  the  charge  Boall 
eontaia  2  or  3  thousandths  of  silver  and  a  proper  quantity  of  py- 
rites, which  latter  ure  necessary,  because,  during  the  preliminary 
rowtinF,  they  furniah  a  certain  proportion  of  oxide  and  sulphate  of 
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iron,  indispensable  in  the  cbemica]  reactions  of  amaJgataa^ion.  Tbej 
ar«  to  be  added,  if  the;  do  not  oxist  in  ctiiBeicnt  proportion  ;  and 
aometiiiies  a  cerlnju  (|ua.Qtity  of  sulphnto  of  iron  is  aUo  added. 
Iiaetly,  ID  or  12  ports  of  eca-ealt  arc  added  to  100  parttf  of  ore. 

Tho  mixture  is  roaated  iu  a  revorboratory  furnace,  heated  at  first 
very  gently,  in  order  to  dry  tlic  material,  which  is  then  spread  over 
the  si3e  of  the  faruace,  auJ  iLo  temperature  being  gradually  raised, 
a  red-heat  is  maintained  for  about  4  hours,  'whon  o  law  qunntily 
of  sutiihuruiu  ucid  'm  disengaged  while  the  metals  oxidiic.  Tlio 
temperature  being  now  raised  still  higher,  gtdplinrous  acid  ia  dis- 
engaged anevf,  acconipauiod  by  vapours  of  Bewiuichloride  of  iron 
and  chlorohydric  acid,  arising  from  the  action  of  tho  Bteam  and 
oxygen  on  the  ohloride  of  irou.  After  roasting  for  j  of  ud  boor, 
the  roastecl  ore  is  withdrawn  and  thrown  on  a  scroon,  where  tfao 
consolidiited  fragmente  are  retained,  which  a.re  again  ground,  mixed 
with  2  per  cent,  of  pea-salt,  and  uuhjected  to  a  new  roasting.  The 
ore  which  haa  passed  through  the  ficrcea  is  again  sifted,  ground  to 
an  impalpable  powder,  bolted,  and  then  sent  to  the  amalgamating 
barrels. 

During  the  roasting,  the  tmlphides  of  iron  and  copper  discngago 
Bnlphoroua  acid,  oxides  and  ttulpbatea being  formed,  while  the  Rolpnido 
of  silver,  being  heated  with  tiie  siilphates  of  iron  or  copper,  ia  enturt-ly 
converted  intu  tsulphato  at  the  expense  of  the  sulphates  of  iron  and 
copper,  which,  while  being  transformed  into  oxidise,  cause  the  d»- 
eogagement  of  BulphitrouH  add.     The  sulphntes  of  iron  nnd  copper 
fuse  tc^etlier  with  the  dcn-snlt  before  attaining  a  red-heat;  and  if 
the  mixture  contain  sulphide  of  silver,  sulphurous  acid  is  disengagixl 
by  the  reaction  of  the  sulphur  of  the  sulphides  oa  the  salphurio  acid , 
of  the  sulphates,  and  the  final  products  resulting  from  the  roastinjT  ' 
•re  thus,  sulphate  of  soda,  chloride  of  silver,  and  the  chloride*  of  i 
ct^per  :Lnd  iron.     If  the  rcuctinn  t^ke-n  place  in  the  air,  the  iroti' 
pflMes  partly  into  the  state  of  sesi|uiohlori(lo  and  partly  into  that  (pf 
Boaquioxidc;  and   the  sulphides  of  arsenic  and  antimony  are   also- 
oxidized.    Ah  all  these  reactions  take  ploco 
during  the  roFUsting  in  the  roTcrberatoiy  fur^ 
uaco,  the  roasted  ore  may  be  admitted  t<* 
consist,  ill  additinn  to  the  ({imrtzose  gangucs^ 
of  sulphute  of  soda,  chloride  of  sodium^ 
chloridee  of  maiiganeee  and  load,  seequi-j 
chloride  uf  irun  F«,C1,  aubchtoride  of  oopper ' 
Cu«Cl,  chloride  of  silver,  and  several  me- 
tallic oxides. 

The  amalgamating  barrels  are  made  of 

I  wood,  (fig.  ttH6,)  strengthened  by  iron  hoops 

and  bars,  and  the  euds  have  iron  plates, 

furnished  with  gudgeons  exactly  in  the  axis 
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of  the  barrel.     A  cog-wheel  rr"  is  utlachod  to  one  end,  working  in 


cog-wheel  rr'  (figs-  ■''87  and  588)  on  a  Hliaft  AB  turned  by 
m  wnler-wbeet.  Each  barrel  has  a  hole  a  cloned  W  a  Ininp  kept  in 
plftoe  bj  an  iron  Ktirrup.     One  of  th«  pedestals  on  nhich  the  gnd' 
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fr««ns  revolve  \a  fixed,  whito 
the  other  is  rendered  mov> 
al>lp  by  tbo  seruw  r,  so  that 
the  wheel  rr"  maybe  ihrown 
into  or  out  of  pear  wllhoul 
arrestJDg  tht-  other  barrels 
C,  C  placed  near  the  hori- 
tontnl  stalf  A  B,  and  irork- 
ing  in  the  same  cog>wh«el 
rr'.  Above  each  b&rr«l  is  a 
box  E  containing  the  bolt«d 
ore,  ■which  is  introduced  into 
the  roriner  by  muaiia  of  a 
leather  hose  /,  entering  the 
opening  a.  nliile  reservoirs 
IJ  plneed  above  each  barroi 
conitiinthequikuLityofwat«r 
iry  fnr  a  charge.  Be- 
lh«  I'jirrela  are  re- 
ceivers mnwi',  intended  to 
tioltl  tho  material  after  the  opera- 
tion. 

After  150  litre*  of  iratcr  have 
Ijl-l'I!  introduced  into  each  barrel, 
the  charge  of  ore,  amounting  to 
500  ki  togs.,  is  inserted. being  taken 
from  the  bf>s  E,  while  flO  kifoga.  of 
scrap  sheet^iron  are  added.  The 
opening  in  the  barrel  i»  then  closed 
with  the  bung,  and  vhen  all  the 
barrels  ar«  ctiarged  in  the  same 
*r.  they  arc  mad©  to  revolve  gently  for  2  hours,  after  which 
ill  barrel  h  Rucceitsively  thrown  out  of  gear,  in  order  tu  allow  of 
examitiation  of  the  consistence  of  the  muddy  snbst&ncc  it  con- 
If  it  is  too  tough,  water  is  added;  aad  if  too  litiuid,  more 
toasted  ore  is  thrown  in ;  and  when  the  proper  consistency  ia  at- 
tained, 2i)0  kitogs.  of  mercury  arc  thrown  into  each  barrel,  and  the 
Whole  is  flf  ain  sot  in  motion,  tho  temporaturo  in  tho  barrels  rising 
oonaidorahly  after  some  time,  in  consequence  of  tho  cbcmtcol  re- 
octiooB  which  take  place  iu  the  mixture.  Af^er  tho  barrels  have 
rerolvcd  for  20  hours,  nt  the  rate  of  20  revolutions  a  minute,  tlicy 
«r«  stopped,  completely  filled  with  water,  and  made  to  revolve  for 
%  hours  more,  miutiug  8  revolutions  pter  minute,  when  the  amalgam 
Hparates  £rom  ths  muddy  substance*,  which  have  now  become  very 
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fluid.  Each  barrel  being  then  succemaivolj  thrown  out  of  gear,  anil 
the  bung  turned  downward,  the  amall  cork  of  the  bun^  is  remoriMl, 
unci  lie  BooD  38  all  the  UDaleamated  mercurj  has  pDcaped  and  fallou 
into  tkt.'  receiver  mnm',  vrhich  is  the  case  qa  soon  as  the  mud  ap- 
pears, ihc  workman  replaces  the  cork.  The  mercury  runs  through 
the  tube  iV  into  a  canal  hj  whieh  leads  it  into  a  particular  reserroir- 
When  all  the  mercury  has  ei-capcJ,  the  bung  of  the  barrel  is  re- 
moved, the  opening  a  turned  duwQward,  and  the  mud  allowed  to 
ran  into  the  box  mnm',  whence  it  flowii  into  large  rescrroira  bo* 
ncath,  the  scrap-iron  being  retained  by  a  grate. 

AVe  have  said  that,  hcforc  adding  the  mcrcuxy,  the  loaded  barrels 
are  turned  for  2  huuris :  the  iutcDttuii  of  this  is  to  deoompose,  during 
thia  period  of  tho  process,  the  ficsquichloride  of  iron  by  the  metallic 
iron,  and  restore  it  to  the  state  of  prolochloride,  because,  if  the 
mercury  were  introduced  immediately,  it  would  act  on  the  seequi- 
chloride  of  iron  which  it  would  reduce  to  protocliloridc,  while  a 
certa.in  quantity  of  Bubchloridc  of  mercury  Hir^Cl  would  be  formed, 
which  would  uccomponc  nu  longer,  and  occasion  a  considemhlc 
waete  of  mercury ;  all  of  which  is  avoided  by  first  bringing  the  wa- 
quichloride  of  iron  to  the  state  of  protochluridc.  The  chlonile  of 
wtver,  which  disaolvea  in  the  aolutiim  of  sea-salt,  is  deeomposed  by 
metallic  iron,  while  the  silver  set  free  combines  with  the  mercury; 
and  the  chloridea  of  copper  and  lead  being  decomposed  in  tlie  same 
w»y  by  contact  with  the  iron,  these  metals  also  amalgamate  with 
the  mercury.  About  1  kiloji-  of  iron  is  dinsolred  in  each  operation. 
The  mud  escaping  from  the  barrels  in  placed  in  tubs,  whore  it  is 
stirred  by  paddles  attached  to  a  vertical  axis,  a^r  beins  diluted 
with  a  Urpe  quantity  of  water,  tho  tuhs  being  provided  with  open- 
ings at  diSerent  levels,  through  which  tho  muddy  water  escapes. 
A  certain  quantity  of  amalgam,  which  separatee  and  falls  to  the 
bottom  of  the  tubit.  is  then  removed  aacl  added  to  that  taken  iVom 
the  am  alga  mating  barrclH. 

The  mercury  ia  filtered,  with  the  a»siHtanco  of  slight  prcasore, 
through  leather  lags,  through  tho  porus  of  which,  a  small  portion 

of  li<)uid  mercury,  containing  only  a 
>light  admixture  of  foreign  metals, 
c^eiipes;  vrhllo  a  doughy  amalgam,  con- 
taining nearly  5  parts  of  mercury  and 
1  pan  of  silver,  mixed  with  foreign 
metald,  remains  in  the  bags.  1%« 
mercury  is  separated  from  tho  amal- 
gam by  diatillatioii.  which  is  tSccte<l  by 
various  kinds  of  apparatus,  of  wbidi  it 
will  suffice  to  doscnuc  the  most  simple 
one.  To  the  opening  of  the  cast-iron 
tube  ab,  (fig,  58£t,)  which  is  closed  at 
Sig.  (69  one  end  a,  and  has  been  chargeil  wit 
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loO  Idlogs.  of  amaliE^m,  ia  fitted  a  benfc  tabinp:  c^e,  iht  tnbu- 
of  which  enters  >  slieei-iron  tube  fy^  which  dipt  pltghtly  into 
it«r  oontAincd  in  the  rpcfivor  V,  The  tnb^  ah  hping  gradoally 
i  to  redness,  the  mcrcnry  distils  nnd  condenses  iii  the  receiver 
ilc  the  silver,  mised  with  a  greater  or  lesA  (juantity  of  copper 
lad,  reoiaina  in  the  tiihe  ab. 

\Iga7Hation  qf  the  Cupnoua  MatU  bif  the  Man^ttd  Proceis. 

U0.  Amalgnnuition  is  applied  to  the  last  eupreonit  mattit 
pfrom  the  proccM  deMribwi,  (5  lOtJli).  The  matt  ia  atamped 
rAed,  and  then  ^oitod  to  an  impalpable  powder,  which  is 
roed  with  a  email  fjuantity  of  water  and  roasted  in  a  reTcrbft- 
'  furnace.  The  ftimacc,  a  vertical  swtion  of  which  in  iieen  in 
0,  has  geoerally  2  stories,  snrmcHmtcd  by  condensinj^  chamhers 
where  the  vapours  and  dust  carried 
over  are  retained.  The  matt  m  lirat 
ronstcd  in  the  upper  space  Jl,  while  in 
the  lower  »psee  A  n  charge  in  being 
rotu>ted,  conaiBting  of  about  200  kiloes- 
of  matt,  spread  in  a  thin  layer  over  the 
doIc.  A  very  high  temperature  is  not 
applied,  because  lE  u  indispoiiaable  to 
prevent  the  fioftcniog  of  the  Bnbstanco, 
which  would  interfere  with  the  roaat- 
iug.  The  workman  stirs  the  material 
with  an  iron  rate,  in  order  tti  renew 
the  surfaces  exposed  to  the  oxidising 
I  action  of  the  air,  and  the  roasting  lasts 
about  3  hours,  after  which  the  mate- 
rial ia  removed  with  an  iron  scoop  and 
gd  into  a  box.  After  the  Gr»t  roasting,  the  material  ii  mixed 
►  or  10  per  cent,  of  Bes-salt  and  10  per  cent,  of  very  finely 
ired  limestone ;  water  is  added,  and  the  whole  ia  worked  into 
logoneous  paste,  which  in  dried  in  stovce.  The  moas  ie  again 
d  to  powder  and  roasted  in  a  lower  furnace  A,  where  a  higher 
ratoro  prcvwlb. 

t  limestone  i^  added  to  decompose  a  portion  of  the  sulphates 
1  and  copper ;  which,  if  prcsoat  in  too  great  qaantity  for  amal- 
,ton,  would  occasion  u  waste  of  mercury.  When  the  workman 
lea  that  the  material  is  sufficiently  prepared,  ho  proceeds  to 
by  mixing  a  (small  ciuantity  of  the  roasted  powder  with  water 
(onniry,  and,  after  <liluting  it  with  a  larger  (juanlily  of  water, 
iting  a  mcreorittl  umttlgnm.  the  nature  of  which  he  estimates 
physical  propcrtt^^.  Ac<>ordiTig  to  the  appearanoo  of  the 
■m,  be  ndils  n  Email  ([UJuiLity  of  salt,  limv,  or  tftn  of  roasted 

ond  roasting  lasts  only  about  1}  or  2  boon. 
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IISiA  Butevill  tliiu  prepared  in  poured  into  the  amalgamating 
bwrfilfl,  whicb  Nsenible  tlioae  of  Freiuerg,  500  kilogs.  of  roasted  mv 
tprittl,  150  litres  of  tot  water,  mid  40  kilogs.  of  scrap-iron  bein^ 
jntroduoi-d  into  cnch  btkrrol.  After  having  unused  the  barrels  to 
revolve  for  uamo  time,  160  klloga.  of  mercury  lu-e  added,  and  then 
tile  burrolB  are  made  to  turn  nt  the  rate  of  15  revolutions  per 
minute  for  14  hours.  100  lilrea  of  water  are  then  added  to  each 
'bu.rrol,  nhioh  is  turned  gently  for  some  time  to  facilitate  the  sepa- 
ration of  tho  amrUgam. 

The  deposit  of  cupreons  matt  which  remains  after  the  complet« 
reparation  of  the  amalgam,  after  bcin^  mixed  and  pounded  "wiux  lo 
per  cent,  of  clay,  is  made  into  lenticulnr  cakes,  which  are  (•melted, 
after  drying,  in  a  farnaoD,  with  the  addition  of  qnwtz,  furnishing 
black  copper,  which  is  suhsofiuently  refined,  (§  lOUH.) 

The  amalgam  of  silver  a  treated  in  tlie  same  nay  as  at  Freiberg. 

American  Proec99. 

§1137.  The  principal  mines  in  America  arc  those  in  Mexico 
nitd  Chili,  vhich  furni»>h  ores  eoniiiiiting  of  metallic  silver,  sulphide  of 
silrer  isolated  or  combined  with  t^iilphide:^  of  areenic  and  antimony, 
chloride  of  silver,  etc.,  these  mineral.^  bi'ine  generally  dinsemioatcd 
in  such  fiae  particles  as  not  to  be  perceived  in  the  gangue. 

The  ores  arc  firHt  stamped,  then  ground  tu  a  Bne  powder,  and 
inado  into  heaps,  called  tarts,  (tom-teii,)  containing  oOO  to  600  quin- 
talg,  on  platforms  built  of  stone.  The  material,  after  being  moist- 
ened with  water,  to  which  2  to  5  per  cent,  of  seu-salt  ore  ^ded,  la 
rendered  homogeneous  by  being  stamped  by  horses  or  mules.  In  a 
few  days,  about  ^  or  1  per  cent,  of  magiatral  is  added  to  it,  con* 
wsting  of  a  rojisted  copper  pyritc,  containing  8  io  1 0  per  cent  of 
sulphate  of  copper.  It  liit  again  stamped,  atid  the  first  portion  of 
mercury  a<lded  ;  and  when  tliis  hns  been  well  disseminated  through 
the  mass,  a  small  portion  of  the  material  is  washed  in  n  wooden 
bowl  lo  separate  the  amnlgtimated  mercury.  Uy  its  appearancs 
the  workman  judges  if  it  be  necessary  to  add  liirie  or  magistral.  If 
the  surface  of  the  amalgam  is  grayish  and  the  metal  agglomerate*  -J 
easily,  the  amalgamation  is  going  on  correctly  ;  but  if  tn«  merctaj 
is  mach  divided,  and  it«  surface  exhibits  a  dark  colour  with  brown 
spota,  the  magistral  is  iti  csccss,  and  the  tart  is  thcu  said  to  be  CM 
hot.  As  a  continuation  of  the  process  under  these  eouditions ' 
occasion  a  great  hiss  of  mercury,  lime  ia  added,  which  di-cumf 
portion  of  the  t>ulpbatc  and  chloride  of  cupper  produced  by  the  re- 
actioD.  If,  on  the  oontraPr',  the  mercury  retains  ita  fluidity,  the 
chemical  reactions  do  not  advauce,  and  the  tart,  being  too  coM, 
must  be  heated  by  tho  addition  of  nmgtstral. 

After  about  15day9,  wheu  thu  Crst  portion  of  mercury  has  com- 
bined with  u,  sufficient  quiintity  of  eilvcr  to  be  converted  into  a 
doughy  amalgam,  a  second  poitiou  of  mercury  is  added;  and  wfaga 
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thb  is  well  incorporatcil  ffith  tlio  mass,  n  third  and  laac  addition  a 
made;  the  test  just  described  beinf*  frequently  repeO'ted,  tn  order  to 
judge  of  the  progrcw  of  this  opcratifln.  The  whole  proceM  lasts  2 
or  S  months,  nccordini^  to  the  nature  of  the  ore  and  tho  tempera- 
ture. When  it  is  finieihcd,  the  material  is  Tabbed  in  water  to  sepa- 
rate tJie  amalgam  from  it,  which  is  filtered  through  cloth,  and  the 
solid  part  which  remains  is  distilled,  lij  the  Americ&n  process,  1  to 
8  parta  of  mercury  ure  lost  for  1  part  of  silver  obtained. 

The  following  is  the  theory  of  the  operation : — The  sea-salt  and 
Bolpkatu  of  copper  of  the  magiatral  usually  ilecompose  each  other, 
proKvchloride  of  copper  CuCI  and  sulphate  of  soda  being  formed. 
while  the  metallic  silver  dccomposca  the  protochloride  of  copper, 
and,  by  rtsionng  it  to  the  state  of  aubehloride  Cu,C],  is  itself  eoo- 
verted  into  chtundc  of  silver.  The  HuLohloridc  of  copper  dissolres 
io  the  solution  of  M^a-slllt,  and  reacts  on  tbo  sulpliide  of  silver,  fonn- 
ing  sulphide  of  eoppcr  and  chloride  of  silver.  The  morctiry,  in  its 
torn,  acts  on  the  chloride  of  silver,  which  dissolves  iu  a  solution  of 
a«a4alt,  forming  subchloride  of  mercury  Hg,CI,  while  the  metallic 
utrer  combines  with  the  rest  of  the  mercury.  It  is  necessary,  in 
this  operation,  as  in  the  Freiberg  process,  that  no  free  protochloride 
of  copper  should  remain,  because  this  would  increase  the  waste  of 
mercury,  by  parting  with  one-half  of  its  chlorine  to  the  latter  metal 
in  order  to  transform  it  into  aubchloridc  Hg,Cl.  The  intention 
of  the  addition  of  liioc  h  to  decompose  the  ehlorido  of  copper  in 
cscess,  and  destroy  the  bad  effects  of  an  excess  of  mugiBtral.  The 
subeliloride  of  copper  Cu,Cl  exerts  no  injurious  influence. 
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1 1138.  The  impure  silver  is  melted,  exposed  to  a  onmmt  of  tir 
"which  uxidixes  the  foreign  mctaln,  in  n  fumitce  consisting  of  a  benii- 
sphericul  cast-iron  cavity,  lined  with  a  thick  coat  of  marJ  or  wood- 
ashes,  which  forms  a  sort  of  porous  cupel,  serving  to  abnorb  the 
liqoid  oxides  produced  hy  the  oxidation  of  the  foreign  meta)!i.  The 
cavity  is  filled  with  charcoal,  on  whieh  the  silver  to  be  refined  is 
placed,  and  tlie  combustion  is  at^isted  by  a  bellows,  which,  at  the 
tame  time,  furnishes  the  air  necessary  for  oxidation.  When  the 
■iJver  has  become  liquid  in  the  cupel,  the  air  is  projected  over  tte 
surface  of  the  bath  until  no  spots  form  on  its  surface,  and  the  metal, 
being  then  refined,  containit  at  must  1  per  ccut.  of  foreign  matter. 

Alloy »  of  Silver. 

%  1139.  Silver  is  rarely  used  in  a  state  of  purity,  as  it  Is  too  soft. 
and  articles  made  of  it  would  soon  be  worn  and  lose  the  sharpness 
of  their  edges  and  angles.  Ic  is  generally  alloyed  with  a  certain 
(juantity  of  copper,  which  increases  iW  hardnesi ;  and  the  alloy  docs 
Hot  s«dumc  a  aecided  yellow  tinge  unless  a  considerable  quantity 


of  copper  is  pr«s«nt,  more  than  ^  being  ncccMary  to  destroy  the 
white  colnar,  to  irbiob,  as  it  b  less  frosh  tiiim  that  of  pure  ulTcr, 
the  brilliancy  of  the  ktt«r  is  ani6ciftll^  given,  by  a  proeew  called 
waihtTtff.  Tbc  intention  of  tliia  opcratioii  is  lo  rcmovo  the  copper 
which  is  inimcdititcly  ou  tbu  surface  of  tlje  alloy ;  for  which  purpose 
the  article  i«  En:att:il  to  a  dull  rcd-hcat,  when  the  eupcrficiu)  layer  of 
copper  osiiliKi-s,  ami  t>y  plunging  it  immeiliiiti'ly  into  waU>r,  acidu- 
lated bv  oitric  or  sulphuric  acid,  thu  oxide  of  copper  dissolves. 
AftLT  the  washing,  the  sturface  of  the  article  is  necessarily  dead, 
because  the  particles  of  silver  are,  m  it  were,  separated  from  each 
other  ;  but  it  is  readily  polished  by  bumiahiag. 

Alloys  of  silver  for  coin,  jewelry,  and  plate  are  sobjected  to  a 
leg^I  standard,  regulated  by  law,  and  secured  by  a  stamp  for  jewehry 
and  plate. 

The  standard  of  French  coin  is  ^,  that  is,  it  must  onntuin  900 
of  ulver  and  100  of  copper;  but  as  the  exact  proportions  canaot 
always  be  ohuiiuvd,  a  variation  of  ^  ia  allowed.  Thus  an  alloy 
of  J^y*  of  silver  and  lOU  of  copper  is  received,  while  an  alloy  of  HUB 
of  Bilver  and  104  of  copper  in  illegal.  Alloys  conlaininj*  more  than 
9DS  of  silver  arc  not  iitimittcd,  a»  it  is  more  advantagcnuit  to  melt 
thorn  aj^aiu  with  a  Hiuall  quantity  of  copper,  to  reduce  tbem  to  the 
Icgu.1  standard. 

The  stflJidard  of  ulver  medals  is  ^  with  a  variatioo  of  j^  as  for 
coin. 

The  ordinary  standard  of  jewelry  and  plate  is  ^  but  the  varia- 
tion i»  greater  than  in  poin,  being  allowed  to  reach  ^^  below.  No 
superior  limit  is  fixed,  becHuse  il  is  not  the  interest  of  the  silver- 
smith to  exceed  the  legal  standard. 

The  solder  used  for  silver  phite  conaJats  of  667  paru  of  ulver, 
283  of  copper,  and  100  of  7.inc. 

§  1140.  Many  articles  arc  madi'  of  sheet-copper  covered  with  a 
lamina  of  f^ilver,  and  nrc  then  colled  plated-warf,  the  ordinary 
standard  of  which  is  ^^  that  i:«,  the  sheet  should  he  composed  of  ~ 
of  copper  and  J^  of  silvi-r ;  while  sumctiiucs,  however,  uii  inferior 
standard  ie  adopted.  Plated-ware  ia  made  in  the  following  manner: — 
A  plute  of  copper,  and  one  of  HJlvcr  having  tho  Ramu  surface  and 
weighing  ^  of  the  copper,  being  selected,  the  surface  of  tlie  copper 
is  carefully  scraped,  and  it  in  then  dipped  into  a  strong  solution  of 
nitrotc  of  silver,  where  it  is  covered  with  a  thin  coat  of  metallio 
silver.  Thi^  being  done,  the  silver  plate  is  applied  to  the  copper, 
and,  the  whole  bcius  heated  to  a  brownish-red  colour  in  an  ovea,  ia 
then  pimsed  tlirough  a  roller  until  the  sheet  han  attained  the  re> 
quired  thickness.  The  two  metals  adhere  50  strongly  as  to  defy 
taeehanical  Beparation. 
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AS8iY  or  ALLOTS  OP  SILVBB. 

§  1141.  It  is  unportant  to  be  a.blo  to  ascertain  quickly  and  ex- 
actly the  Btandard  uf  hUoj-s  of  oJlvur,  in  order  tliut  tor  luaniifacturQ 
of  coiD  and  stiver  plute  (;hull  reiimin  uuder  prutecliun  of  thu  ^ovorn- 
mcnt.  The  aa»ay  in  mwlo  in  two  wnjs :  the  first,  and  older,  by  cu- 
wllation ;  and  llip  second,  by  aua-lyaid  by  the  humid  may,  «h)ch 
latter  procctss,  being  much  more  exact,  has  tukca  the  plavv  of  cupcl- 
latioa  lu  the  gorurumeut  u^eay-oGSce. 

Aitay  by  CupeSation. 

§  1142.  The  analysu  of  alloys  of  silver  and  copper  by  cupcUatioaJ 
ia  foiuidod  on  llic  property  of  silver  not  to  oxidise  when  kept  in  li] 
ttaeA  state  in  tbe  air,  and  to  yield  nearly  insensible  mpours  ;  whilo 
ct^pcr,  on  the  contrary,  oxidizes  under  these  circumstances,  and  is 
converted  into  the  RiiboxitJe  Cu  O ;  hut,  in  order  to  separate  thia 
fiubsUiuce  from  the  alloy,  it  hna  been  found  necessary  to  iutroduco 
into  the  latter  a  certain  rjuantity  of  lead,  which,  by  oxidizing,  pro- 
diLcca  liquid  litharge  in  which  the  suboxide  of  copper  diB»olveB> 
Flj;.  601.  '^''*  roasting  is  effected  in  n  rttpet,  (fig.  5S1,)  that  is, 

in  a  thick  porous  capsale  made  by  coniprcsungboDfrv 
ashes,  slightly  ■moistened  with  water,  in  mc 
where  it  takes  the  eliape  of  ■which  a  vertical  se<s 
tion  i»  seen  in  fig.  5'.)2.  The  fused  oxide  uf  lead. 
Fig.  403.  which  holds  the  other  oxides  in  solotion,  soaks  into  the 
cupel,  and  nothing  remains  at  last  in  the  latter  but  the 
globule  of  refined  siWer.  A  cupel  of  bonc-aidi  can  absorb 
about  its  own  weight  of  lithar;;c. 
The  quantity  of  lead  necetwarT  io  add  to  an  alloy  of  gilvor  and 
copper,  to  cETeot  ila  easy  cupelladon,  should  be  in  proportion  to  the 
onantity  of  copper  contained ;  Hecaus*?  the  litharge,  after  having 
diasolTed  the  suboxide  of  copper,  which  is  siniullaneously  formeil, 
most  preserve  sufftcicat  6uidity  to  soak  readily  into  the  cupel.  If 
the  infiltration  docs  not  ensue,  the  metal  becomes  covered  nith 
litharge  and  oxidation  ceases,  in  which  case  the  assay  is  stud  to  be 
drtiffned,  (noy^.) 

Aasay  by  cupellation  is  generally  performed  upon  1  ^amme  of 
aSoj ;  and  experience  has  shown  that  the  following  (juantity  of  lead 
most  be  added  accon^ng  to  the  standard  of  the  alloy. 

eUMlud  ef  U*  Alloj,  1  fiaaaap  vS  dlicr. 

saver  at   1000 0.5  gm. 

"      960 3 

900 7 

"      800 10 

"      700 12 

"      600 , U 
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16  to  IT  gm. 


AUulwO  of  Oi*  Allor. 

Silver  at        500 , 

"  400 , 

«  SOO 

«  200 

100 

Parfe  copper , 

The  stuiidarJ  of  tbe  ailoy,  of  which  the  exnct  ecimpoiiitioD  U  to 
be  ascertained,  being  iu  general  approximately  kaowa,  an  inspection 
of  the  tahle,  thereforB,  gives  immedialdy  the  (|u:iiititj-  of  lead  to  be 
added.  Supposinc,  for  example,  that  the  standard  of  &  piece  of 
coin  is  tu  bo  cxactlv  determined;  knowing  that  ils  standard  must 
be  nearly  ^,  an  addition  of  about  7  gm.  of  lead  wiist  be  mad«  to  1 
gm.  of  alloy  very  exactly  weighed. 

Fig.&OSrefn- 
Bctitti  a  oapelUzi^ 
furnace,  of  whicli 
&  vertical  section 
isseeninfig.  5d4. 
The  nitf#«  A, 
which  is  the  most 
important  part  of 

^-  .^^^^p  ^^SMW9U *'''^    furnace,    is 

■'  f^^^^^  i^BOKmXMm      ^  .|     semi-cylindri. 

'  enrthencradle 

ill^'.  .V',"j  closed 

If^Li  iU  t:<nc  end,  and 

arranged  in  the 

fiirnace  80  that  it 

cull   be   entirely 

—  ■¥f^^g^^^^^^^^^^U^fT^T^^k  siirroundod   wiu 

^  '>    v^WTSaHIBH^^HlHHV  fue1,anditsopen- 

ing  oorrenpondii 
exactly  to  the 
aperture  D  of  the 


./' 
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famaco.  The  sides  of  the  muffle  arc  fuxnished  with  longilndi- 
nal  sYita,  through  which  tho  extt'rital  air  which  enters  at  tlie  moutli 
of  tho  iQufHc  cfiCJiiiefl  into  the  current  of  air  in  the  furnace;  by 
which  arriLiigimtint  th«  muffle  ia  conslanily  irjivcrscd  by  a  very 
oxidiaing  ewrrcnt  of  air.  Tho  revcrbcratory  furnace  has  generally 
a  ehect-iron  pipe  M  to  increaae  its  draught. 

The  furntiee  being  filled  with  charccal  through  the  hole  I*,  the 
cupels  are  introduced  into  tho  muffle,  after  having 
been  previously  dried  on  the  platform  N,  if  newly 
made.    When  the  t-upela  are  in  the  muffle,  the  open- 
Fig.  696.       ijig  D  is  closed  with  tho  door  E,  in  order  to  raise,  tha 
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tcmperttttire  m  tbc  muffle,  and  vrlicii  iim  is  done  tho  aperture  D  is 
»op«ned,  through  which  Cho  portion  of  lead  to  be  added  to  each  aasay 
>ppcd  into  cucli  cupel.     As  noon  as  Uic  loud  is  in  fiuioii,  Uie 
p(pris«  d'omai)  is  iutroduccd,  when  tbc  metals  soon  melt,  while 

_. Hot  of  silver  dissolves  entirely  iu  the  lead;  and  in  a  few  mo- 

imenCs  tne  alloy  fonns  in  each  cupel  a  round  licjuid  globule.    ^V1lite 
Topoara,  aming  from  the  oxidation  of  the  mctuUic  lead  in  tho  air, 
[ue  soon  disengaged,  and  t1i«  surface  of  the  metallic  globule  is 
icovereii  with  a  peliiclo  and  fino  drops  of  fused  oxide,  which  move 
Irapidly  over  it«  surface.     The  oxidca  gradually  soak  iuto  the  cu- 
pel, and  when  tlie  lead  and  copper  ore  completely  converted  into 
Dxides  and  absorbed,  hy  the  boue-ash,  the  silver  is  refined,  and  the 
lotion  on  iLi  surfaco  ceases;  tbc  phenomenon  of  lightning,  as  de- 
ribcd  59St7,  being  produced  ou  a  small  scale.     The  cupel  must 
Lthen  be  brought  slowly  to  the  opening  of  tho  muffle,  in  order  that 
be  globule  of  silver  may  uot  be  too  rapidly  cooled.     It  has  been 
Dentiunod  (§  Wlo)  that  pure  silver  absorW  n  certain  qunntiiy  of 
t'Oxygcn  from  the  uir,  aud  that  the  absorbed  gas  is  suddenly  djscn- 
|'gsge4  at  cbe  moment  of  ^olidiScatton,  while  the  metal  is  cooling 
jXApidly,  causing  u  sudden  evolution  of  gas  by  which  a  amall  ouautity 
>f  the  metal  is  ccnerally  projected  from  the  vessel,  in  which  casb 
fiilrer  is  said  to  9piUter,  (rochc.)     It  is  easy  to  tell  by  the 
ice  of  the  buuon,  when  cooled,  whether  a  spulioring  baa 
lea  place,  as  in  that  case  a  kind  of  vcgctatioa,  lilcc  a  little  musb- 
}ni,  may  always  bo  seen  at  the  places  where  the  gas  h:iH  f?scaped ; 
td  all  assays  presenting  this  character  should  be  rejected,  as  tbey 
leccMJirily  imply  too  small  a  <|uuutity  uf  silver. 

In  onler  that  the  asiuiy  may  ho  admitted,  the  globule  should  be 
lligbily  ndhcront  to  the  cupel,  its  lower  surface  should  appour  very 
lootu  and  of  a  dead  colour,  and  the  upper  surface  polished  aud 
from  roughaesM.    When  the  upper  surface  is  dull  aud  furrowed, 
prorcf!  eitlier  that  the  silver  hag  sputtered,  that  the  refining  has 
MD  imperfect  bccau&o  the  temperature  haa  been  loo  great,  or  that 
ivn  was  too  littlo  lead. 

1 1143.  As  the  tempcrftturc  of  the  furnace  exerts  groat  influence 
KTcr  the  cupetUtion,  the  assay  always  presents  some  degree  of  un- 
Bertainty,  and  the  aasajcr  is,  in  fact,  between  two  diffieullies :  if 
Ibe  temperature  rises  too  high,  the  silver  is  perfectly  refined,  but 
there  is  considci-abie  loss  from  %"olatili«irg,  and  a  small  qoantity 
>f  silver  is  carried  into  tbc  cupel  by  the  litharge,  which,  m  that 
jaae,  is  very  Quid ;  while,  if  not  heated  siilBciently  high,  the  loss 
>f  silver  is  lass,  but  tho  refining  is  imperfect,  and  the  gloDulo  retjiina 
small  quantity  of  lead.  Those  two  caoses  of  error  exiHt  nimulta- 
eooely  in  all  assays,  and  neutralize  each  other  more  or  leas  com- 
pletely; and,  accordingly,  as  ono  or  lh«  other  predomiuatof,  the 
itandard  will  bo  found  too  low  or  too  high. 

Xbe  asMyer  should  always  endeavour  to  heat  his  ftimace  In  tho 
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Bams  manner,  and  he  c&n  tli«D  construct  a  tabic  by  wbich  be  kaovi, 
for  each  alloy,  the  correction  which  should  be  made  in  e&ch  aaany 
in  orctor  to  obtnin  the  exact  Blanda.rd.  A  tAbl«  of  thb  kind,  whicn 
•it  made  by  ciiprlliitg  ailoTs  of  known  proportionii,  ohtuincd  by  melt- 
ing, with  ft  prupi-r  •juanlity  of  lead,  dctenninste  proportions  of  eilTtr 
and  copper,  can  bo  of  nsc  only  to  the  unayer  who  hui  mnde  it,  ant] 
nho  alwft^'s  operates  irith  the  aaue  furnace.  Aa  a  meafiura  of 
neater  eertaintv,  the  nssayer,  from  time  to  time,  pcrfomis  a  cupeN 
ID-Lion  on  a,  trial-piece,  (ti^uioiu,)  thiit  is,  on  an  alloy  the  coDipoutioD 
of  which  he  knows  li  firioriy  in  order  to  ascertain  whether  the  away 
yicldit  a.  lo»8  equal  to  that  indicated  Ly  his  tabic.  If  othcnmc,  he 
modifies  the  results  of  all  the  assays  sitnultaneonslv  made,  in  the 
manner  eup^ested  by  the  assay  of  ttio  trial-piece.  We  subjoin  the 
table  adopted  in  the  Mint  at  Paris,  according  to  the  standard  of  the 
•Uojs: 

1000 998.97 1.08 


MCMMRtoald 


950. 


947.50. 


900 896.00. 


S.50 
4.00 


8fi0 

800 

T50 

700 

650 64r).2Ji 

600 

550 

500 

400 

800 

200 

100 


845.85 4.15 

795.70 4.80 

745.48 4.52 

695.26 4.76 

4.71 

595.32 4.68 

M.^.82 4.68 

495.82 4.68 

396.05 8.95 

207.40 2.60 

197.47 2.58 

99.12 0.88 


When  the  cupcllatioii  has  been  carefully  porformed,  the  true  com- 
pe^titiou  may  bt<  uficertuiiied  within  2  or  ^  thoasandthB. 

The  load  uRcd  in  cupcllation,  irhich  should  be  us  free  oj  posubl« 
from  silver,  is  called  in  coiiiiii«rce  a»say-Uad.  In  all  caae«,  the 
aetaycr  should  ascertain  previously  the  purity  of  his  lead  by  a  pre- 
liminary usttuy. 

Auayt  Jy  itie  JTumid  Way. 

%  1144.  Assays  by  the  hnmid  way  are  made  by  precipitating  ail- 
ver  in  the  state  of  insolnhlo  chloride  by  a  standard  solution  of  com- 
mon salt.  As  chloride  of  silver  readily  aggregates  by  agitation,  in 
a  liquid  ndduliited  with  nitric  ncid,  the  exact  moment  when  prmpi* 
tation  of  silver  no  lon^rer  takes  place  may  be  e&sily  ascertained. 
The  solution  of  ftalt  used  being  auch  that  1  cubic  diameter  of  the 
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liquid  exactly  prccipitat«A  1  gm.  of  pure  Bilrer,  the  sUndari]  of  an 
alloT  ia  detonnii)«<l  by  dissolving  1  giu.  of  it  id  o  or  6  gm.  of  nitrio 
acttf,  and  carefully  pourmg  the  ttolulion  of  sail  into  the  liquid  until 
precipitation  ceaaos  aft«T  the  addition  of  oae  drop.  Aner  each 
addition  of  the  .laline  solution,  wb«ii  the  moment  of  complete  pr^ 
cipitatioQ  approaches,  the  bottle  cont^ning  the  solution  of  silrer 
must  be  ahalteii  in  order  to  aggregate  the  precipitate  and  clear  the 
liqaid.  The  number  oT  cubio  ceutimctreu  necemiary  tu  completely 
predpitato  the  siU-cr  givctt  thn  standard  of  the  alloy. 

Toe  process  may  be  simpUded  and  brought  to  great  exactneea 
"wben  it  ia  applied  to  the  exact  dctenoinatJon  of  the  standard  of  aa 
alloy  of  wliicli  the  approximutc  value  in  known ;  for  example,  of  a 
p(ec«  of  ulvcr  coin  or  plate.  Two  solutions  of  &ctL-Kult  are  then 
used:  cue,  which  bt  calltrd  the  normal  solulion^  and  which  ia  siich 
that  1  docilitro  prccipitittcd  exactly  1  gm.  of  puro  silver ;  and 
aootbcr^  called  tlic  decimal  liuuid,  wlucli  a  10  timcti  more  dilute, 
and  of  which  1  litre  is  rciiuirod  to  precipitate  1  gm.  of  silver. 
Lastly,  a  titird  standard  solution  is  eomctlmcs  uHcd,  (»tled  the  deci- 
mal  tolutit/Jt  of  silver,  which  contains  1  gm.  of  silver  in  1  liCr«. 

Suppuiuag  that  the  staudurd  uf  u  puce  of  coin  is  to  bu  usccr- 
t4Uiii>d,  consituliig  of  an  alloy  which  must  contajo,  at  loast,  ^  Sf 

silver,  but  which  we  will  assume  to  contain  only^;  ihcu,  acoord- 
ing  to  tbe  tatter  composition,  l.lldgm.  of  alloy  contains  1  gm.  of 
«ilvcr.  After  having  dissolved  l.llU  gm.  of  alloy,  very  exactly 
weighed,  in  a  ground-stoppered  bottle,  by  means  of  f)  or  6  gm.  ot 
punj  nitric  acid,  1  decilitre  of  the  normal  eolation  of  soa-salt  is 
poured  into  the  bottle.  It  ia  evident  that,  if  the  standard  of  the 
alloy  be  roally  ,'^,,  the  silver  will  bo  completely  precipitated,  and 
the  Uqnid  will  not  contain  nn  excess  of  Bait,  while,  if  the  standard 
be  higher,  silver  still  remains  in  solution,  and  if  lower,  the  silver 
hta  been  completely  precipitated,  but  tliere  is  nn  excess  of  salt  in 
the  liquid.  In  order  to  oeccrtain  this,  the  bottle  19  corlced  and 
shaken  quickly,  in  order  to  clear  the  liauid.  after  which  one  cubic 
centimetre  of  <lccimal  aalinc  solution  is  added,  which  can  precipitate 
1  ^naaodth  of  silver.  If  silver  is  still  contained  in  the  liquid, 
a  very  percnptible  white  cloud  13  formed,  and  the  buttle  being  then 
afun  shaken,  a  second  cubic  centimetre  of  decimal  solution  ia  added. 
If  a  precipitate  be  produced,  the  same  process  is  repeated  until  the 
liquid  rcinains  clear.  Supposing  that  Ij  cubic  centimetres  of  the 
decimal  solution,  gradually  added,  Lave  produced  precipitates,  but 
that  th«  t5th  cubic  centimetre  baa  not  oflcctcd  the  traniiparcney  of 
the  liquid,  it  will  be  hence  inferred,  that  s(l«r  the  precipitation  of 
1  gm.  cf  puro  silver  by  the  cubic  decimetre  of  the  normal  eolutioa 
of  salt,  the  liquid  contained,  at  least,  4  thoiuandths  of  silver.  Tho, 
fiflh  cubic  centimetre  of  decimal  solution  haWng  produced  cloudi- 
ness, while  the  Oth  did  not,  it  i^  evident  that  the  liquid  did  not 
2b2 
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contain  mnif*  th&n  5  thonsandthii  of  silver,  and,  hy  asAtiming  4] 
thougandlhB,  wf  are  sore  of  liavinf^  found  tli**  ftiiKiunt  of  silver  canA 
tained  in  the  nlloy  nitliin  nearly  j  tliounandtli.     The  real  standi 
of  tlie  alloy  is,  tlierefore,  896+4J,  or  900J  thouMndtbs. 

If  the  firtst  cubic  centimetre  of  a  dccimnl  ealinc  eolnttnn  tk 
not  yield  a  froah  procipitnte  in  tlie  solution  of  eilver  which 
already  received  the  cubic  dceimetro  of  normal  saline  solution,  it 
evident  that  the  standard  of  the  alloy  in  not  ahove  ^,  and  that 
conHef]uentIy,  it  ahould  be  rejected. 

The  exact  composition  of  the  alloy  miiy  be  determined  by  m* 
of  the  decimal  solution  of  silver,  always  beginning  by  adding  on* 
cuTiift  centimetre  of  the  hitter,  which  precipitates  the  cubic  centimeli 
of  decimal  saline  solution  which  had  been  added,  and  which  mu 
be  neutralixed.  The  liijuid  being  cleared  by  agitation,  one  mort^ 
cuVic  centimetre  of  decimal  solution  of  silver  is  added,  and  if  clouds 
ncm  be  produced,  the  bottle  is  again  shaken  before  a  Bccond  cuW< 
centimetre  of  the  same  liquid  is  added,  which  process  is  contioQc' 
until  thp  addition  of  another  cubic  centimetre  of  tlic  decimal  soli 
tion  of  silver  no  longer  clouds  the  liquid.  Supposing  that  the  fir 
th^-cc  cubic  centimetres  have  yielded  precipitates,  but  that  the  liquid 
remains  clear  on  the  addition  of  tho  fourth,  it  is  very  probable  iha 
the  third  cubic  centimetre  has  not  boon  entirely  decomposed,  anj 

it  may  be  admitted  that  one-half  of  it  has 
been  neoless,  and  that  2  J  cubic  ccntimolr 
of  the  decimal  solutionofgilvcrhavemffic 
to  dccompoHt?  tho  salt  which  rcmainetl  free 
after  the  addition  of  the  cubic  decimetre 
of  the  normal  saline  solution ;  for  whic 
reason  2^  tliciusaiidtlis  must  be  subtract 
from  the  etandard  j^,  thus  learing  1 
the  exact  standard  of  the  coin  ti 
mined  ^. 

We  Khali  now  briefly  describe  the  ussi 
ing  apparatus  used  in  the  Mint  at  Pa 
where  these  assays  are  daily  made. 

The  normal  solution  of  salt  is  contunc 
in  a  copper  vessel  V,  (fig.  SMi),)  tinned 
the  inaido,  and  completely  closed  to  pro 
Tent  cvaporatiun,  which  would  alter  thej 
Standard  of  the  liquid,  only  a  Mnriotto'g 
tube  uv  allowing  the  extruiice  of  a,ii. 
vessel,  which  is  fixed  in  tho  npper  par, 
of  the  laboratory,  has  a  cun-cd  tube  cde^ 
with  a  stopcock  j;  and  to  the  lower  pat 
of  which  the  pipette  A,  which  meaflur* 
exactly  1  decilitre  of  normal  solutioi 
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I'Ctoniiected  by  means  of  a  tnlie  he  vhtob  cnnlains  a  thcnnometer. 

The  metallic  piece  wliich  conoeots  the  gla^s  tube  Be  nith  the  pipette 

(fig.  A97)  has  two  stopcoclcR  r',  r^',  the  one  of  wliich  fihall  prusently 

Vig.  (9T.    be  explained.     The  assayer  having  oloeed  the  end  a  of 

I,  the  pipette  with  his  finper,  opens  the  stopcocks  r*,  r", 

^il  1 1         thus  ailonin^  the  sullue  t^olution  to  flow  in  a  thin  Btream 

■"2^^^    ■i*^  ''"'  pipette,  without  Mopping  the  upper  tube  of  the 

I  '^  •        latter,  so  that  the  air  coutaiocd  in  the  pipette  can  eecipo 

J  *         freelv  through  the  stopcock  r'  and  the  umall  tuhulore 

^  whicit  temiinatcs  it.     tVhcn  the  pipette  is  filled  a  little 

nbovc  the  mark  a,  the  assaver  closes  the  stopcocks  r' 

ftod  f". 

The  bottle  which  contains  the  alloir  dissolved  in  nitric 
acid  is  placed  in  the  compartment  C  of  a  support  I, 


Fijc,  508. 


{f5g.  6i)(!.)  which  sliilrs  between  the  groores 
MN,  M'N',  and  which  is  proWded  with  an 
appendix  I),  fumiahod  at  its  upper  'jart 
with  a  Rtnall  sponge  k,  pluecd  at  the  height 
of  the  lower  orifice  a  of  llic  pipette.  The 
assnTor  having  so  placed  the  aupport  as  to 
'  bring  the  sponge  in  contact  with  the  pi- 
pette, opens  the  Rtopcock  r',  iind  allows 
the  liquid  to  dewend  slowly  to  the  level », 
wheru  the  sponge  absorb*  the  last  drop  of 
liquid,  which  wonld  adhere  to  the  end  of 
the  pijictte.  The  assayor  then  brings  the 
opening  of  the  bottle  under  the  ]Mpette, 
I  and  ciDiiued  it  entirely  by  opening  the 
1  stopcock  r'. 

As  a  large  number  of  assays  i»  gene- 
rally made  nt  once,  there  are  a  Mriea  of 
bottles  numbered,  in  each  of  which  ore  dis- 
solved 1.116gni.  of  alloy  of  coin.  In  order 
to  hasten  the  solution,  all  the  bottles  are 
placed  on  a  stand,  (Rg-  H^S,)  iitid  after  hav- 
ing introduced  into  each  the  alloy  and  the 
nitric  acid  which  ia  to  dissolve  it,  the  stand 
is  plunged  into  hot  water.  When  the  motals 
are  dissolved  the  nitrous  vapours  are  driven 
off  by  blowing  into  the  bottles,  and  the 
decilitre  of  normal  solution  is  introduced, 
after  which  they  are  [^ced  on  a  eiccond 
stand,  (fig.  S\i9y)  suspt^dod  on  a  steel 
spring,  and  held  below  by  a  spiral  spring 
4b(.  The  bottles  having  been  closed  by  their  ground  eCoppen*  the 
astayer  grasps  the  handle  ef  of  the  stand  and  shakes  it  for  a  few 
momeots,  in  onlcr  to  collect  the  precipitate  and  render  the  liquids 
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clear,  lie  then  carries  tho  bottles  to  a  black  table  having  numbered 
compnrttnentti,  each  one  being  placed  m  the  campartment  corre- 
Bpuuiliiig  t«  its  number.  Tbfl  decimal  uolution  is  conioincd  in  a 
bottlu  (fig.  (KlO)  provided  nttb  a  tube,  drawn  out  at  its  lower 
extremity  and  having  a  mark  curresponding  to  a  capacity 
of  1  cubic  centimetre,  which  dipe  into  the  liquid.  The  as- 
sayer,  applying  his  fiiigor  lo  the  upper  aperture  of  the  tube, 
withdraws  the  hitter,  and  olWwft  the  li(|ui<!  to  flow  slowly 
until  it  ri'Hclitiji  the  level  of  the  mark,  and  then  cnrripg  tho 
Fig.  CW.  (juijjc  centimetre  thus  measured  off  into  the  firat  bottle,  re- 
peating this  procL-as  wiih  thi>  oUkt  bottles.  He  then  examines  the 
bottles  succcMivcly,  and  makes  with  chalk  a  mark  on  the  black  table 
near  each  bottle  in  wliivh  a  precipitate  is  furmcd,  and  then  replaces 
the  bottled  on  the  t^tand  of  tig.  ■'>!)!>,  clears  the  liquids  by  agitation, 
depoaits  the  bottles  on  the  table,  and  adds  another  cubic  centimetre 
of  the  decimni  ttolution  to  all  the  bottles  in  which  there  waa  pre- 
vioualy  a  precipitate  formed,  gradually  excluding  the  bottles  in  which 
tlu  Uqoid  was  sot  clouded.  By  counting  the  number  of  cbalk-marlui 
near  each  bottle,  a  nutnber  which  represents  that  uf  the  cubic  ocnti- 
mctres  of  decimal  aolution  which  have  been  efficiont,  and  deducting 
1  for  the  last  cubic  centimetre,  which,  probably,  has  not  been  wholly 
used,  the  assajer  finds  the  number  of  tliouftandths  which  must  ws 
•dded  for  each  alloy  to  the  6U|)po8ed  stan(hvrd  of  -^. 

As  the  standurd  golution  of  sea-salt  has  been  prepared  for  the 
temperoture  of  59^  degrees,  and  as  k  expands  by  heat,  it  is  ovidoat 
that  its  standard  must  be  altered  in  volume  by  tbo  changea  of  t«n- 
perature.  It  ia  therufure  indispeusable,  when  the  temperature  of 
tlio  solution  i»  not  59*,  to  correct  all  the  results  hy  moans  of  tables 
niudu  fur  the  purpose,  the  temperature  of  the  saline  solution  being 
read  off  on  the  thermometer  contained  in  the  tube  cb,  ^6g.fl96.) 
But  the  eorrecLions  arc  always  uncertain,  and  may  be  avoided  by 
the  following  device,  by  means  of  which,  at  the  rame  tfane,  any 
wrong  preparation  of  the  normal  solution  is  ascertained.  An  aswy 
upon  1  gm.  of  pure  silver,  made  daily,  sinmltanoouiilr  with  the  teat^ 
on  the  coin,  givea  for  eatli  day  the  exact  value  of  the  standard  of 
thf  normal  lialine  solution,  and  nil  asjitya  made  simultaneously  may 
be  correlated  by  the  difference  of  the  standard  thus  found  with  the 
nunniiJ  standard. 

A  large  quantity  of  normal  solution  of  salt  is  gonerally  made  at 
once,  by  ditisolviag  500  gm.  of  common  impure  ttult  of  commerce  in 
4  litres  of  water,  filtering  the  liquid,  and  adding  the  quantity  of 
water  necessary  to  obtain  the  necessary  degree  of  dilution  of  the 
normal  (solution,  supposing  thv  aaU  to  b«  pure;  by  which  means  a 
•ollltion  is  obtained  of  a  degree  of  concentration  only  approximative 
to  that  desired.  In  order  to  ascvrtuin  ila  exact  concentralioo,  1 
cubic  decimetre  of  the  liquid  is  poured  into  a  solution  of  1  gm.  of 
pure  silver  iu  nitric  acid.     Ths  liquid  being  cleared  by  ugitation,  it 
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ia  coajr,  by  means  of  a  dcoimKl  talino  sotation  or  &  deciDul  BoTntion 
of  bUvct,  to  determine  exactly  tho  number  of  thoasandths  of  silver, 
or  of  iftlt,  vliich  remain  free.  The  additional  qnontitj  of  water  or 
aalt  Decfissary  to  obtain  the  proper  dilution  of  tlie  saline  solution  is 
thus  found,  and,  after  it  hits  been  added,  a  ncv  tc^t  is  node,  and  ao 
on,  until  the  tiurm<vl  degree  of  concentration  is  attuiucd. 

In  onltr  tn  prepare  the  docirnal  solution,  a  decilitre  of  the  normal 
Boltition  in  introduced  into  »  bottle  which  measures  1  litre  to  a  mark 
traced  on  iti  neck,  np  to  which  the  bottle  is  then  Bllcd  with  diatilled 
irater. 

The  tlecimal  wolntion  of  silver  is  prtpared  hy  dissolving  1  gm.  of 
pore  silver  in  o  or  6  gm.  of  nitric  acid,  and  diluting  with  water 
until  the  liquid  exactly  assumes  the  Tolumo  of  1  litre. 

When  silver  contains  mercury,  tho  reeults  of  th«  assay  by  the 
hiunid  way  are  inaccurate,  because  the  mercury,  being  precipitated 
ia  the  state  of  chloride,  decomposefl  a  portion  of  the  chloride  of 
sodium.  The  preiwnce  of  any  conudcrable  qnantity  of  mercury  in 
ma  alloy  is  easily  perceived,  because  the  liquid,  in  that  case,  ia  not 
cleared  i»y  jshakinj,  nnd  tho  first  dcpoaite  of  chloride  of  iilvcr  does 
not  blacken  in  tho  li^ht.  The  exact  standard  of  tho  alloy  may, 
howc^■cr,  be  oLtaincd  by  the  humid  way,  by  recommencing  tlie  lest 
on  aiiothvr  portion  of  t)io  Bubatance  after  having  added  a  certain 

anontity  uf  acutato  of  soda  to  the  nitric  solution,  by  which  means 
ae  precipitation  of  the  mercury  is  prevented. 

ASSAYING  OP  SILVER  ORES. 

§  1145.  The  arfiontiforous  galenas  are  assayed  by  cupelling  the 
lead,  afVer  having  isolated  it  by  the  process  dcscrltjcd  §  WSO,  The 
gftlena  ia  sometimes  also  fused  with  3  or  4  tenths  of  iu  weight  of 
nitre,  when  tho  aalpbor  of  the  galena  is  converted  into  sulphuric 
acid  which  combines  with  the  notasso,  while  tho  greater  portion  of 
the  lead  .teparatca  in  tho  metallic  Blatc,  retaining  tho  whole  of  the 
silver. 

The  argcntifcrons  coppcr-oree  arc  first  aasaycd  for  their  copper, 
nftcr  whicli  tho  lump  of  copper  is  introduced  into  the  cupel,  with 
the  addition  of  IC  timea  its  weight  of  lead. 

Tho  assay  for  copper  is  made  as  follows : — If  the  ore  be  solphu- 
retted,  it  is  first  roasted  in  a  small  earthen  capaule,  (called  tiU  in 
BngWid,)  the  heal  being  properly  regulated  in  order  to  prevent 
th«  mbstanco  from  running  together,  and  the  temperature  being 
kept  elorated  until  sulphurous  acid  is  no  longer  disengaged.  The 
tUo  being  then  covered  with  it!i  lid,  the  icmpicrature  is  mised  to  a 
irhit«-lieat,  in  order  to  decompose  the  sulphates;  after  which  tho 
roasted  material  is  fused  in  an  earthen  crucible  with  :)  or  4  times  xtH 
vnght  of  black  flux,  the  fusion  being  eOected  iu  a  forge-Iiro  or  an 
ordinary  calcining  furnace,  having  a  strong  draught.  After  cool- 
ing, the  crucible  is  broken,  and  a  lump  of  malleable  copper  and  an 
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alkalioo  slag  contaming  merely  &  trace  of  copper  are  C^und.  Oxh 
diacd  coppcr-orcB  need  noi  bo  previously  roasted,  bnt  can  be  inua^ 
diatel^  subjected  to  tlic  fuaion  with  black  flux. 

Oxidiznl  8ilvcr-orcB  are  mixed  with  8  or  10  tines  their  veigb 
of  litharge  ftnd  double  their  Tcight  of  black  fiux,  asd  the  mixture  ifl 
fused  in  an  earthen  cnieiHe,  when  fi  portion  of  the  litharge  is 
verted,  by  the  carbou  of  the  black  flux,  into  metallic  lead,  irt 
Carrie!)  with  it  all  the  filver ;  the  qiiartzoce  and  rarthjf  ganf 
beiiif^  transforined  into  slag  with  the  litharge  acd  potassa  of  tho] 
black  flux.  Ores  of  silver  which  contain  E^ulphides  and  antcniureta  | 
are  also  fused  with  litharge,  bat  it  is  in  this  ca£e  frequently  nnnfr- 
ocssary  to  add  black  flux,  because  the  reaction  of  the  sulpludes  and 
arficiiiurets  on  the  litbaruc  furnishes  a  sufficient  quantity  of  motalUo 
lead  to  entirely  remove  the  silver. 


GOLD. 

Equivalknt^  98.5  (1281 .25;  0  =  100). 

11146.  The  gold  in  gold  coin  and  jewelry  is  never  pore,  being 
alloyed  with  a  certain  quantity  of  copper  and  frequently  of  silver,  to ! 
give  it  a  greater  degree  of  hardness.    In  order  to  obtain  pure  gold, 
gold  coin  is  dltwolved  in  aqua  regia,  and  the  solution  being  evapi>* 
rated  to  dryness,  by  gentle  heal,  to  drive  ofl"  the  excess  of  acid,  th« 
reeidue  is  treated  with  water,  by  which  means  the  Hilver  i»  Sfparated 
as  insoluble  chloride.  An  excess  of  protoenlphate  of  iron,  which  pre- . 
cipitat«A  the  gold  in  the  metallic  state,  in  the  form  of  brown  powder, 
is  thou  poured  into  the  liquid,  the  rcoctioa  ensuing  according  to  thfl  I 
following  equation : 

Au,CI.+fl(FoO,SO.)  =  2Au+2(Fe,0„8SO,)+re,CV 

Tho  precipitate  is  digested  with  weak  chlorohydric  acid,  aod* 
after  hciiig  well  washed,  is  fuBod  in  an  earthen  cTucible  with  a  smallij 
quantity  uf  burax  and  Haltpetre.  The  protosulphate  of  iron  may  ~ 
replaced  by  sosquichtoride  of  antimony  Sb^CL  dissolved  in  an  exeeMJ 
of  chlorohydric  acid;  tho  scsquichloride  of  aDtlmony  b<}ing  con^T 
verted  into  the  perchloride  Sb,Cl„  while  the  gold  is  precipitated  iu] 
the  metallic  state. 

Gold  haa  a  characteristic  yellow  colour,  and  iui  density  ie  19.&| 
It  fosea  at  a  strong  white-heat,  or  at  about  2200°  of  the  air  thcr-l 
mometer.  giving  off  sensible  vapours  at  a  very  liigh  temperature. 
A  gold  wire  is  converted  into  vapour  when  traversed  by  the  current 
of  &  powerful  electric  battery  j  and  if  thia  take  place  over  n  she* 
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of  paper  placed  nt  •  Bmal)  distnncc,  the  pnpor  bpconi«8  colourod  of 
ft  purplisti  brovn.  b^  tlie  Ycrj  finely  divided  gold  wbivb  is  precipi- 
tated OD  it.  A  blade  of  silver  snbstitiited  for  the  paper  »oon  becomes 
I  gilded.  A  globule  of  gold  gWta  off  vapour  ?ery  copioualy  wbcn  Iield 
wtwoon  two  pieces  of  charcoal  tenDinnting  the  condaetore  of  a  pow- 
■rful  gulvanio  buttery. 
Gold  is  the  most  mulleable  of  all  the  metals,  (|  295,)  and  when 
lM*ton  into  very  thin  leftveei  is  transparent,  the  trnnsmitt^d  lielit 
fcppeariiiE  of  a  beautiful  green  cnlonr.  Gold  mai?  be  crystalliied  oy 
nsioD,  wLen  it  assumes  tne  sh&pe  of  cubes  modified  by  other  facets 
of  tbe  regular  system.  Natire  gold  is  sometimes  found  in  well- 
defined  crystals  presenting  the  same  form. 
When  precipitated  in  a  metallic  state  (rom  its  solutions,  gold 
Ibnns  a  brown  powdur,  which  by  bumiahing  soon  recovers  the  me- 
tallic lustre  and  cbarartcriHtic  colour  of  malleable  gold,  and  nhJcfa 
aggregates  by  percosttion.  If  tbe  maaa  be  heated  to  rednetis  before 
iKing  hamnicred,  a  perfectly  aggregated  motal  can  1m  obtained 
nithout  having  heated  it  to  fuBlon. 

Oold  docs  not  combine  directly  with  oxygen  at  any  temperature. 
Clilorohydric,  uitric,  and  sulphuric  acids  do  not  affect  it,  while  aqua 
regia,  on  the  contrarT,  readily  dissolves  it,ia  the  state  of  scs^ui- 
oblorKlc,  AUjCl^  Oold  is  abo  di^olvcd  by  chlorohydriu  ucid  when 
&  substance  capable  of  disengaging  chlorine  is  added,  such  as  per- 
oxide of  manganese,  chromic  acid,  etc.  Chlorine  and  bromine  also 
mtlaek  gold,  even  when  cold,  wliile  iodine  acta  on  it  but  feebly. 

8alp(tur  does  not  attack  gold  at  any  temperature,  nor  docs  the 
metal  decompo^  sulf  bydric  acid ;  but  by  fusing  it  with  the  alkaline 
potysulphido)  it  is  powerfully  acted  on,  a  di^ublu  sulphide  bcin^ 
foruiod,  in  vhich  the  sulphide  of  gold  An,8,  acts  the  pan  of  a  sulpb- 
acid.  Artscnio  when  a^sidted  by  beat  coatbmcs  vith  gold,  and  forms 
&  verv  brittle  alloy. 

Gold  ig  attacked  neither  by  the  alkalies  nor  the  alkaline  oarbo- 
nates  or  nitrates. 

COMPOtTKOa  OP  OOLD  WITH  OXYGES. 

S  114T.  Two  combinations  of  gold  with  oxygen  are  knowa: 
1.  A  Buboxide  Au,0, 


2. 


A  fies(|uioxide  An,0^ 


neither  of  vhich  forms  salts  with  the  oxides. 

The  suboxide  Au,4>  is  obtained  bv  decomposing  the  chloride 
AUjCl  by  a  dilute  solution  of  potassa,  in  the  shape  of  a  deep  violet- 
coloured  powder,  which  decomposes  nt  about  77',  discnpaping  oxy- 
jen.  The  oxacids  exert  no  action  on  this  sohetance.  while  ehloro- 
bydric  acid  decomposes  it,  forming  scscjuicUoride  of  gold  AuaCl,. 
inule  metallic  gold  is  separated. 

JSeaquioxide  of  gold  (often  called  auric  add  on  account  of  its 
pmpert;  of  eombining  with  bases)  is  prepared  by  digesting  a  hot 
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solution  of  Mflquicbloridc  of  gold  iritli  magnoeia,  when  anrate  of] 
magnesia  ia  formed,  which  remains  mixed  irith  the  free  magnceift.] 
The  deposit  \s  boUvJ  nith  aitric  acid,  which  dissolves  the  magnesiaj 
and  learea  hjdnted  sRsqaioxidc  of  gold.  Auric  acid  may  also  b«j 
obtaJQfid  by  exactly  satiirntiDg  a  aotution  of  sesquichloride  of  gold! 
by  carbonate  of  soda,  and  then  boiling  Iho  liquid,  when  a  lai 
proportion  of  the  gold  is  precipitated  in  the  state  of  ec^qBioxidkl 
vhilo  the  other  portion  rcmainH  in  snlution,  but  utny  be  precipitalea [ 
by  Bttccessively  adding  to  the  Uqald  an  ozceea  of  caustic  potaeafr) 
and  acetic  acid. 

Hydrated  auric  acid  is  a  yellow  or  brown  powder,  which  loses  itfl  j 
water  at  a  low  temperatare  and  becomes  anhydroos,  while  at  abontj 
482"  it  decomposes  into  {;;old  and  oxygen,  which  reaction  is  alaoj 
efibcted  by  the  solar  light.  Bcoxidijiing  Babstancca,  such  as  thej 
OT|^nic  acids,  or  boiling  alcohol,  reduce  it  to  the  metallic  state  J1 
while  chlorobydric  acid  diiiinolves  it  and  produces  tho  scaqoicUoriff 
AugCl,.  The  moBt  energetic  oxacids  do  not  form  definite  eoin>1 
poandfl  with  seoquioxide  of  gold,  while  the  latter  dissolrosi  on  tiM 
contrary,  readily  in  cold  ^kaline  solutions,  producing  alkalino.1 
auratea  whicti  cryiitalliec  by  evaporation. 

By  adding  a  amall  quantity  of  ammonia  to  a  solution  of  seKqut*] 
chloride  of  gold,  a  fulminatbg  substance  is  produced,  which  coit-J 
tains,  at  the  same  liuiu,  oxide  of  gold.  ammoiii;i,  aud  cliluride,  andj 
which,  by  digesting  with  an  excess  of  ammonia,  fumifihes  a  bright 
brown  powder  of  »till  lughcr  detonating  properties  than  the 
and  which  i;«  a  eimple  combination  of  eesquioxide  of  gold  with 
mouia  Aa,0,+25II,+U0. 

COMPOHNDS  OP  GOLD  WITH  SDLPHtTR. 

$1148.  Although  sulphur  docs  not  combine  directly  with  gold,  i 
two  8u!phidc8  corresponding  to  the  two  oxidea  are  obtained  by  da 
composing  tho  ecsquioxide  of  goIJ  by  sulfhytlric  acid,  wbicli,  on 
being  parsed  lltrougb  a  cold  sulutiou  of  seuquicbloridc  of  gold,  yieldi] 
a  bruwuiaL-yellow  precipitate,  which  ia  tlio  sulphide  Au,S„  reodilj 
fioliibte  in  the  alkaline  gulplddcs.  If  the  solution  of  the  chlcvide 
boiling,  0.  sulphide  Au,S,  of  a  deep  brown  colour,  is  prccipitat 
while  sulphuric  and  chlorobydric  adds  are  formed: 

2Au,Cl,+3HS+3HO  =  2Au,S+eHCH-S0r 


COMPOUNDS  OF  GOLD  WITH  CHLOBINE- 

51149.  By  dissolving  gold  in  aqua  rcglu  a  yellovr  solution 
BMqmchloride  of  gold  A«,Ct,  is  obtained,'  nbicb,  when  allowed 
CTsporate  alowly  in  dry  air,  dcpoaita  yellow  ciyatals  of  a  couipout 
of  Bcaquichioride  of  gold  and  chlorohydric  aci  J.     If  the  solntioD  bt 
evaporated  to  drive  off  tlio  exceas  of  acid,  tho  Bubatance  asdomca 
brown  colour,  and  a  deliquegcenC  crystulline  ma»s  remains,  wlu< 
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dissolree  nadilj  in  alcohol  4&d  ia  ether.  Sctquichloride  of  gold 
vliuolves  eren  more  rapidlv  in  ether  tlian  in  water ;  for,  if  an  &f|ue- 
«ns  Bolation  of  th«  chloride  b[>  Rhaken  with  ether  And  vator,  the 
xnipcmatant  ether  contains  nenrlj  all  the  chloride  of  gold  in  s«1u- 
tion.  The  solution  of  scsquichloride  of  gold  in  ether  was  formerly 
Used  in  medicine  under  the  name  of  auivm  potahUe. 

Sesquiohloride  of  gold  forms  vith  several  oth^r  mrlallio  chlorides 
double  eryBt*llixahle  chloridee,  in  order  to  obtain  which  it  ie  unffi- 
cient  to  uiix  and  evsponite  the  solutions  of  the  two  cliloridefi.  The 
formula  of  the  double  chloride  of  gold  and  potaR^iain,  which  is  deli- 
quescent, la  KCl+Aii,Cl,  +  r)IIO,  while  the  formula  of  that  of  gold 
and  BOdimn  is  yaCl+Au_CI,+4II0,  and  that  of  the  double  chloride 
of  gold  and  ammonia  ia  NlI,HCI  +  An,Cl,+2II0.  Coinpoirnds  of 
chloride  of  gold  with  tlio  chlorides  of  barium,  caloimn,  manganese, 
iron,  xinc,  etc.,  arc  also  known. 

Subchloridc  of  gold  Au,CI  i^  prepared  by  heating  the  sosqulchlo- 
ride  of  gold  Au»Cl,  to  a  tcmperamre  of  about  400  ,  when  cmorine 
19  disengaged,  white  a  greenish  insoluble  powder  remains. 

COMPOUND  OP  OOLB  WITH  CTfAKOSEN. 

$  1150.  By  adding  a  solution  of  cTaoido  of  polaesium  to  a  con- 
eeotrated  hot  solution  of  perchloride  of  gold,  until  the  liquid  loses 
its  colour,  a  solution  la  obtained,  which,  on  cooling,  deposits  nris- 
matic  crvstaU  of  »  double  cyanide  uf  gold  and  putnesmm  oi  the 
fonnola  KCy+AujCy^  The  cryBtst?,  which  are  efflorescent  and 
»MT  soluble,  disengage  cyanogen  when  subjected  to  miMlemte  heat; 
and,  when  treated  with  water,  a  solution  is  obtained,  which,  on  cool- 
ing, deposits  »  double  cyanide  of  the  formula  KCy-i-Au,Cy. 

PURPLE  OF  CASSirS. 

$  1151.  The  name  of  pnrple  fif  Ciu^hig  is  mven  to  a  precipitate 
containing  gold,  tin,  and  oxygen,  which  ts  uacd  by  puintcra  on  por- 
celaia  and  glass,  (§  730,)  and  which  is  prepared  in  various  ways. 
Its  oempodtion  not  being  always  uniform,  chemists  are  uot  yet 
agreed  upon  its  nature.  It  in  generally  obtained  by  pouring  into 
ft  nfficiently  dilute  solution  of  sesquichloridc  of  gold,  a  mixture  of 
pxvtorhloride  and  bichloride  of  tin,  the  preripiuic  fthowing  a  beau- 
tiAi]  purple  hue  when  it  is  of  nnnll  bulk,  while  it  asxuines  a  brown 
colour  when  more  copious. 

A  pontic  of  Ca£»ii]a  of  nniform  composition  is  prepared  by  dis- 
solviog  20  gm.  of  gold  in  100  gm.  of  aqua  re^a  made  of  20  parte 
of  nitric  an<l  80  of  chlorohydric  acid ;  driving  off  the  excess  of  acid 
by  eTaporation  in  n  water-bath  and  diBBolring  the  residue  in  7  or  8 
decilitres  nf  water.  Some  pieces  of  tin  being  then  placed  in  tlie  liquid, 
a  purple  precipitate  of  the  formula  Au,0,SaO,+  SnO,SnO,+4110 
is  formed,  but  which  may  also  be  cousidered  as2An4-SSnOj+4nO. 
The  suhfitance,  on  being  subjected  to  beat.  erolTea  water  alono  and 
Vo».IL-2G 
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DO  oxygen,  irhilo  the  calcined  rcniiluo  proftcnts  all  the  characters  of] 
a  mu(tur«  of  met&Uic  gold  aail  ataQuic  acid.    But  as  before  calcina 
tion  the  mibstance  will  not  give  off  gold  to  tacirury,  it  is  cvidojit  lY 
tho  gold  did  uot  exist  in  it  iu  tho  metftllic  atuto. 

A  beautiful  nurplc  of  Ctuwiiu  its  obbuncd  bj  boatmg  suboxide 
gold  Au,0  witu  a  aolutioii  of  stannute  of  potussn. 

Lastly,  purpl*  of  Cassias  ia  obtained  by  fusing  together  in  a 
clble  1  part  of  gold,  I  part  of  tin,  and  4  or  5  of  silver,  fonning  i 
wmary  alloy,  from  wfiieh  nitric  acid  extracts  tho  silver,  while  l^ 
gold  and  tin  are  precipitated  in  combination  ■vsith  oxygen,  and 
nriUiiuit  purple  is  formed,  the  shades  of  which  can  be  changed  ' 
altering  the  r<'l(itivp  proportions  of  cold  and  tin. 

A  solution  of  Bes<imt;liloride  of  gold  Btains  linen  of  a  purple  colour^ 
as  it  also  docs  the  skin  and  tho  organic  tiseiie»  generally  ;  vrhic 
colouring  is  probably  owing  to  suboxide  of  gold,«a  friction  do 
uot  rcBtoro  a  metallic  lustre  to  tho  epots,  although  they  acquire  it 
in  &  short  time  when  exposed  to  solar  light  iu  u  bottle  filled  wit' 
hydrogen  gas. 

DETERMIN'ATIOJT  OF  GOLD,  AND  ITS  SEPARATION  FROM  THE  KETAl 
I'JIEVIOUSLV  iii:scujyED. 

§  1152.  Gold  is  always  determined  in  tliu  mi>lallic  state,  and  U 
precipitated  from  iu  Bolntions  by  means  of  protosulphalo  of  iroi 
after  having  added  chlorohydric  acid  to  the  liquid  in  on3cr  to  i 
tain  the  soquioxidc  of  iron  which  forma  during  tho  reaction  in 
lalion.     But  it  is  important,  in  order  to  completely  precipitate  li 
gold,  that  the  liquid  should  contain  no  nitric  neid ;  in  which  caw  i 
must  be  previously  evaporated  with  chlorohydric  acid.     The 
when  collected  on  n  filter,  is  calcined  to  redness  before  £oii 
weighed. 

%  11S3.  Tn  order  to  iieparato  gold  from  the  met«t<i  previoosly  dc 
acribed,  the  insolubility  of  the  metal  iu  nitric  acid  ia  aonelil 
relied  on,  while  at  other  timen  all  the  metaltt  are  diHsolv^d  jo  aqi 
K^a,  and  the  gold  is  precipitated  by  protosulphnte  of  iron,  or,  bctM 
stUl,  by  heating  the  Holutiun  with  a  certain  quantity  of  oxalic  acid; 
which  latter  method  has  (he  advantage  of  not  inlrodudng  a  nei 
metal  into  the  li<inid.     Gold  is  sometimes  also  separated  by  prccipi^ 
tating  it  in  the  slate  of  sulphide,  by  eulfhydric  acid  gas,  the  «iil-J 
phide  leaving  metallic  gold  after  cnlcmalion. 

METAlLUROr  OF  GOLD. 

1 11£4.  Gold  ia  almost  always  found  in  tho  native  stat«,  boin 

letimcs  pure,  but  more  generally  alloyed  with  certain  quoatili* 

'silver.     It  occurs  in  three  kinds  of  bearings: 

1.  In  veins,  genemlly  qunrtzifen>Q!^  which  contain  other  metallio] 
minerals,  aa  ores  of  copper,  lead,  silver,  and  pyrites;  the  veil 
QBUnlly  traveraing  the  primitive  rooks. 
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S>  4tpBSI^"4^  soattereil  tbrongh  rocks  eiUnled  a,i  the  separa- 
tion of  fieerfStaUine  and  stratifitHl  rocks. 

S.  In  dtsaKprcK&ted  quartzoso  eaads,  often  exteaairel;  seen  in 
ftllnTial  foraiations,  aiiJ  oTring  their  presence  to  the  disintegration 
of  auriferous  crrstaliino  rocka  which  oxist  in  the  Ticinilj.  Tb« 
greater  specific  gmvitj  of  iht-  gold  prevents  its  pnrtlcIeH  from  being 
carried  ae  far  as  thoBO  of  the  other  minerale  with  which  it  wa« 
mixed,  and  its  resiatanco  to  the  action  of  the  greater  part  of  elicmi- 
eal  agentis  preserves  it  in  the  stntc  of  epangiea.  AUuvious  ttoilB 
eootaining  gold  chiefiy  oocur  in  open  valleyn  between  primitire 
tnouiitaiits.  whero  gold  is  frequently  found  iu  place.  The  prinfiipal 
Wnlitics*  of  aiirifcroua  aands  are  in  California,  Australia,  lirazil, 
Mexico,  Chili,  Afrlea,  the  Ural  and  Altai  Muuntaina  in  Siberia — the 
quantity  of  gold  annually  oxtnactod  from  all  of  which  amounted,  in 
1651,  to  17»  ions,  of  wluch  California  aJoue  produced  110.  Gold 
is  generally  fouDd  in  the  sands  in  the  fcroi  of  epangles,  oreb&pelees 
and  roniided  gnuns,  which,  when  they  are  of  any  considerahle  size, 
are  calleil  river  or  wtinh  gold,  {p^pi1c».)  Grains  arc  soinetinioe 
found  of  the  siio  of  a  hazel-nut,  uud  pieces  weighing  Bcreral  kilogs. 
have  been  met  with:  one  lump  weighing  3lj  kilogs.  was  found  in 
the  Ural. 

Gold  exist*  in  the  drift-sand  of  all  rivers  which  arise  from,  or 
flow  over  a  large  extent  of,  primitive  rooks;  and  eeveral  auriferous 
mlluvia  are  known  in  France,  such  as  those  of  the  Ari^go  in  the 
Fyrcneca,  of  the  Gardou  in  Covcnntis  the  Garonne,  and  the  Rhine 
near  Straahurg.  It  is  found  in  too  small  quantity  to  be  worked  to 
•drantage;  hut  the  inhcibitnntd  look  for  it  when  they  would  other- 
wise be  idle,  and  are  then  called  gold-findert.  The  spaucles  of  gold 
scattered  through  the  river-sand  are  generally  so  excessively  nmall 
that  more  than  20  are  often  reciaired  to  make  a  millieramme. 

Id  Liberia,  Bands  containing  only  0.000001  of  gold  are  not  eon- 
■dered  worthy  of  being  worked;  and  the  Rheiuaa  Bands  contain, 
on  an  average,  ahout  ^  of  this  quantity. 

Gold  exists  also,  combined  with  tellurium,  in  certain  mines  of 
TrftDsylvnnia.  An  nlluy  nf  gold  with  silver  and  palladium,  in  tfae 
form  of  email  crystalline  grains,  occurs  in  BraKil,  and  is  called  auro- 
powdxr  or  aunt'duat.  Lastly,  all  pyrites  in  primitive  rocks  contain 
a  small  quantity  of  gold,  and  are  ouen  rich  enough  to  be  worked  to 
advantage. 

1 1165.  When  gold  exists  in  veins  which  contain  other  metalg, 
B8  lead,  copper,  or  silver,  those  metals  in  which  the  gold  is  conccn- 
trmted  are  Sr^c  oxtraeted  from  the  ores,  and  the  cold  ia  then  eopa- 
nted  by  rtfiniitg,  a  praccss  preM?ntly  to  be  described. 

The  ore  is  frequently  firel  subjeetod  to  amalgamation,  as  in  the 
OM  of  silver  ores,  when  the  gold  ilissolvoe  in  the  mercury,  and, 
after  the  liquid  am»lg:tm  bus  been  filtered,  a  more  solid  amnlgam  is 
obtained,  from  which  the  gold  ia  separated  by  distillatioa.    Tne  or« 
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ifl  then  smelted,  so  u  to  obtain  «  matt  from  whidi  a  ccrt«m  qutntity 
of  gold  caa  still  be  extracted. 

1 1156.  Aoriforom  sands  arc  washed  in  the  moat  simple  maiiQcr, 
athoT  in  wooden  tubs,  or  on  inclined  planes  over  which  a  currcat 
of  vstcr  6ow»,  and  they  are  then  treated  by  ajnaJsatnation. 

In  the  Ural,  the  aoriferons  sand  ia  poured  into  bnxeJi,  ihe  aheet* 
iron  bottom  of  vrhich  is  provided  with  upviiinga  of  "2  e«ntiinetre8  in 
diameter,  and,  while  a  stream  of  water  flows  tbroi^h  the  boxes,  the 
worlnnan  stini  the  sand  constaotly  with  a  shovel,  when  the  finer 
portions  fall  through  the  boles  &nd  arc  collected  on  luge  fileepiog 
tables  covered  with  mualiii.  The  sand  is  frequently  swept  towwd 
the  bead  of  the  table,  where  the  gold  reaiHins  with  the  hcaricr  mine- 
r«la;  and  the  saod,  being  enriebed  br  this  washing,  is  again  more 
careftillv  woHbcd  on  smaller  tables.  The  titanic  iron  and  magoetie 
oxide  01  iron  being  eeparated  by  a  magnet,  the  material  ia  fiued  in 
latve  ffrapbite  crucibles,  at  the  bottom  of  whiidi  the  gold  collects, 
whue  mo  wper  part  h  tilted  by  a  alaff  oontaioioK  a  quantity  of  ua- 
melted  izrams  of  gold.  Th«  elag  being  stamped  and  washed,  the 
rich  schlich  thus  obtained  is  smelted,  yielding  an  auriferoos  lead, 
from  which  the  gold  is  separated  by  cupellation. 

5 1157.  In  Tyrol  a  certain  quantity  of  gold  is  extracted  froo 
pjritca  by  amalgamating  tbe-tn  in  milbt  resembling  that  represented 
ID  fig.  001,  Bcvcral  milk  being  generally  placed  above  eaeh  other. 
(The  figure  gives  an  external  view  of  tho  upper  milt  and  a  section 
of  the  lower  one.) 

The  pyrites,  in  the 
state  of  an  impal- 
pable powder,  is 
»<u»iieiided  in  water, 
and  coavcyed  into 
tho  upper  mill  by 
the  conduit  (i, 
whence  it  duwa  into 
the  second  mil)  by 
theslnioeG'.  Tho 
bed  of  each  mill  ia 
made  of  a  cast-iron 
vessel  cdef^  securely 
fastened  on  a  Htr<iii  _;  »  nU-n  table  ;  aud  ia  tho  centre  of  the  veeset 
is  a  lululure  traversed  by  an  ails  of  rotation  ab,  set  in  motion  br 
tbo  cog-whc*l  rr'.  The  ranner-atonc  ram'  of  each  mill  is  of  wood, 
and  resembling  the  shape  of  the  bed ;  but,  being  about  2  centimetrw 
Btnaller,  is  fumi*hod  with  several  sheet-iron  teeth  projecting  nhoat 
I  ceutiuctre.  The  uppiT  surface  of  the  ninncr-atouc  i»  shaped  like 
a  funnel,  into  which  i8  poured  the  liquid  mud,  vhieb  paesee  between 
the  stOQua  aud  flows  out  by  the  conduit  G'> 
The  stones  make  about  15  or  20  revoluttong  per  minute ;  and  25 
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kiloes.  of  mercury  arc  pIiuN^d  nt  the  bottom  of  cnch.  mnkinn  n  layer 
of  uout  1  ceittiaietre  m  thtcknests  against  wliioli  the  tc«tli  of  tbe 
wheel  conetantl/Blrike,  while  nt  the  wtme  time  tbeystir  npthe  ora. 
Tlie  £old  is  disaolrcil  by  the  Tnercuiy,  and,  after  continuing  ibJa 
proems  for  4  wcpkii,  it  i«  withdrawn  and  filtered  through  a  chamois- 
akia,  which  retains  a  solid  amalgam  coiilaitiiiig  nearly  one-third  of 
iu  weight  nf  gohl,  which  is  then  tieparated  frDtn  the  other  metals 
by  cupellatioQ. 


^ 
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11^.  Qold  is  rurcly  used  ia  a  state  of  purity,  as  it  is  too  sofl, 

ud  its  hardness  muBl  he  increiisod  by  the  ndditiuu  of  a  small  qnan- 
titr  of  nilvcr  or  copper,  forming  more  fusible  alloys  thiin  pure  gold. 

The  8taiida.rd  of  Fri-uch  f;old  coin  is  ^Vtn  ^^^  »*  allowing  a  va- 
ti^oa  of  Tij^  above  and  rj^  below;  wlulc  medals  contuin  0.916 
ptT  cent,  of  gold,  with  the  same  vuriutiuu.  There  aro  tliri>e  legal 
Bt«odard«  for  jewelry,  the  most  commoQ  of  which  is  i^,  whilo  thoM 
ot  ^  and  ^  arc  ran-ly  il^cI  :  and  the  legnl  variatioa  U  j^  below 
the  Btaodard,  do  superior  limit  beinc  Uxod. 

Gold  is  soldered  with  an  alloy  ciilted  red  gotef,  of  o  parts  of  gold, 
and  1  of  copper;  an  nlloy  made  of  4  parts  of  gold,  1  of  copper, 
and  1  of  silver  al&o  being  u.-ied. 

The  clear  colour  of  gold  is  given  to  jewelry  by  difisalving  the  cop- 
per which  cxista  in  the  eupor&ciat  layer ;  to  cfiect  which  the  articles 
are  heated  to  a  dull  red-heat,  and  dipped,  nflcr  cooling,  into  a  weak 
nlotien  of  nitric  acid,  which  tlissolvcs  the  copper.  A  thicker  coat- 
ing of  pure  gold  is  obtained  by  allowing  them  to  remain  for  15 
ounutoa  in  a  paste  formed  of  saltpetre,  couiiuod  suit,  flluin,  and 
water ;  the  chlorine  set  free  by  the  action  of  the  etilphuric  add 
DO  the  salt  and  saltpetre  difigolv-ing  the  copper,  silver,  and  gold, 
while  the  latter  metal  is  again  deposited  on  the  article.  The  nus 
faces  are  then  humii^hcd. 

SEIUBATION  OF  GOLD  AND  SILVER. 

(1159.  The  separatioa  of  gold  and  silver,  more  generally  called 
the  r<'/«  in^  of  the  precious  vietatt,  is  now  done  by  trcatbg  the  alloy 
by  concentrated  hot  sulphuric  acid,  which  dissolves  the  Bdver  onlv. 
Bat,  in  order  tiiat  the  alloy  may  be  completely  actc^l  on,  it  should 
oei^ier  contain  more  than  20  per  cent,  of  gold,  nor  than  10  per 
xmL  of  copper,  because  sulphate  of  copper  ii  but  eUghtly  soluble 
in  oonceulraied  sulphuric  acid.  Tho  alloys  are  fused  iu  crucibles, 
uid  when  they  arc  too  rich  in  gold,  a  certiun  quantity  of  ailvcr  is 
added — silver  contuluiu^  u  euiall  <juautity  of  gold  being  preferred. 
The  fused  alloy  is  grunuloitcd  by  bviug  poured  into  water,  and 
then  placed  in  a  large  kettle  with  2^  times  its  weight  of  concentrated 
Bolphuric  acid  marking  66**  on  the  aroomoter,  the  kettle  being  co- 
vered with  a  Ud  fumisued  witha  disengaging  tube.  The  acid,  being 
2c  2 
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lieated  to  boiling,  is  partly  decomposed,  iind  snlpliates  of  ffllrcr  lUid ' 
cc^pcr  nrc  formcii,  whilo  siilphuroos  acid  ii  discngaeod,  wLich  is, 
^omctiiDcs  passed  into  the  leaucu  clinmbcrs  where  Bulpharic  add  is  , 
TnanufactDTcd,  (g  139.)  When  gold  coin  ia  to  be  refined,  it  Is  mordy  i 
rousted. 

After  4  hours,  when  tbo  nlloy  is  completely  destroyed,  there  jB> 
introduced  into  tlio  kettle  a  certziin  quantity  of  eulphario  udi'' 
marking  "iS",  und  obtained  by  the  concentnition  of  the  add  inotbcr 
liquid  of  the  sulptiuto  of  copper  obt&ined  in  refinicj;,  as  will  pro< 
sently  he  explained.  After  haWng  hoiled  the  liquid  for  fift«ea 
minutos,  the  kettU  i»  taken  from  the  fire  and  allowed  to  rest,  wbea 
the  greater  part  of  the  gold  collects  at  the  bottom  of  the  vessel, 
from  which  the  nearly  boilinj^  liquid  is  decanted  off  into  leaden 
boilers  containing  the  mother  liquid  Rnsingfrom  the  pariGcBtioa  of 
the  sulphate  of  copper  by  erystallization,  Tlie  hoilers  are  bested  by 
Ateam ;  and  after  the  Hulplmtc  of  copper  at  first  deposited  is  re* 
disBolved,  the  liquid  is  allowed  to  rest  for  some  time,  wheu  the  wbcde 
of  the  gold  in  dopomted.  The  clear  liquid  is  then  drawn  offby  &■ 
siplion,  uiid  passEHl  into  other  botleni  heated  by  eteam,  and  contain- 
ing bludc3  of  copper,  which  precipitate  the  silver  in  the  form  of 
email  crj'BtaHine  grains ;  tlic  metal  heing  in  a  short  time  so  per- 
fectly precipitated  that  the  liquid  is  not  clouded  hy  common  B»h. 
The  precipitated  silver  in  citrcfully  Wiiohed,  and  tlicu  compressed  by 
an  hydrnulio  prcaa  into  compact  prismft,  which,  after  being  dried,  aro 
melted  iu  earthen  crucibles,  fumiahingametal  which  contains  only 
a  few  thouBundtha  of  copper. 

As  the  gold  arising  from  the  firat  action  of  tho  sulphuric  acid 
etin  conAiits  a  certain  quantity  of  t^ilver,  it  le  heated  anew,  in  a 
ptatimiin  crucible,  with  conccntnited  sulphuric  acid,  which  abstracts 
tho  balance  of  the  silver;  a  third  treatment  with  sulphuric  acid 
hcint:  oficn  required.  Tho  gold  duot,  after  being  well  ws«licd  and 
fused,  contains  9(^5  thousandtlui  of  pure  gold. 

The  acid  solution  of  sulphate  of  copper  which  arises  from  the 
preclpitution  of  the  silver  by  copper  is  evaporated  in  leaden  kettles 
until  it  marks  40°  on  the  areometer ;  a  large  proportion  of  tho  sul- 
phate of  copper  being  deposited  in  Binall  crystals  during  the  cool- 
ing. After  another  evaporation,  the  mother  liquid  yields  an  addi- 
tional quiintity  of  crystals;  and  the  last  liquid,  which  refuses  to 
cryiitallize,  is  uoed  as  a  solution  of  sulphuric  acid,  and  poured  into 
tho  cast-iron  boiler,  aH^r  this  action  on  the  alloy.  Tho  sulphate  of 
copper  is  riurified  hy  recrystallization. 

When  the  quontity  of  gold  and  silver  contained  in  an  alloy  does 
not  exceed  0.200  or  0.300,  the  granular  material  is  first  hc-ited  In 
a  reverberator^  furnace,  when  a  portion  of  tho  copper  ia  converted 
into  oiddc,  which  ia  dissolved  by  treating  the  roaatciJ  substance  with 
wQok  sulphuric  acid ;  and  the  alloy,  being  thus  brought  to  the  me- 
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dium  standard  of  0.500  or  0.600,  m»j  be  refined  by  the  ordinary 
proceed.* 

I  OHDrao  AND  SILVERING. 

•  §1160.  Ornamental  objecM  of  copper  or  bronze  were  formerly 
oldcd  by  means  of  an  amalgam  of  gold,  vbicb  method  has  noir 
been  Bopentcded  by  galvanic  processes.  The  mnftlgam  used  in 
mav%«rial  ^ding  ia  ^T«pATOi\  in  ibc  followinc  manner : — Gold-leaf 
IB  liMted  to  a  dull  rcd-hcat  in  a  crucible.  anS  triturated  with  eight 
tintM  its  weight  of  mercury,  and,  when  the  gold  ia  dissolved,  tt  is 


*  The  procws  of  reflnins  goW  pnrsueJ  «  the  United  Slates  Mintn  In  PWlailel- 

pbia.  i-1  !>iniil»r  1«  llif  niclhuU  formcTlj  called  iiuAHoliDii,  and  coubUu  In  meltioK 

foli  >iUi  lilieri  uui  thru  riErntitini;  llin  mUcr  nil.h  pure  iLilrie  aoid.     The  dtpn- 

■M  fff  grain*  of  BatiT«  khIU  t4  flrrt  iutU«d  yiib  borax  mikI  Mltpttro,  oooudmiaily 

vitb  toaa  tn  rcrauva  <|u»r(i,  mn]  \>f\ac  ciu>t  >utu  i>  bur,  ia  carvf^ILj'  waighoJ,  tMU- 

rawly  k««*jcd  l«  ^^^^  for  goKI,  knd  'Prom  tbe  utajr  and  weight  t]i«  vAlat  af  tli« 

d«fMMdt«  e&leuUl«d.     Alihoii|;fa  b  milhon  of  itollkn  m%y  lie  depoaltad  ta  k  day, 

npoB  an  arrival  frnni  ralifaruia.  yet  lueh  U  llie  eipediiiuo  of  lli«  tMay-dopiirt> 

IMDt.  that  in  a  ttn  iltj*  ihn  iIppiiKittu  arc  all  paid  aff.     A>  la-on  ■«  tha  i^M  ia  aa- 

•■jad,  «acll  pOQDdof  it  ismHlnl  witii  2  rriundsnf  pure  silvrr,  and  the  iiiistnrc. 

lAiv  atbtiag,  poured  into  cold  wnlcr.  lij  wliiob  it  \»  >jriiitultittd,  divi-'tcil  Into  small 

lar  fi-apoeDts.  prctienliuf;  a  larg«  xurfaue  to  the  Bubstquuut  action  of  the 

The  KTUialatioDs  Wi  then  put  into  large  poroalaln  j«r«  «f  60  gallons  eaoli, 

I  wbi«lt  there  are  nbaut  7(1  in  lue,  vai  nitrio  and  Mured  ia  them.     The  jare 

~diig placed  in  Iwden-lbuid  voeden  trough),  eratainuig  water,  ar«  livated  \>j  a 

earn  eeil  ta  the  wat«r.  eaaaiag  the  nttrlo  aoid  to  dluolee  oat  the  lar^r  proper^ 

'  tioa  or allrer.  A  itcam-hent  Iti  given  during  ncverU  hour*,  unrl  the  1i>:|uid  allaired 

to  repose  nnttl  the  fkillaninK  miirninit,  when  ihn  miluliun  of  nitrtite  »f  aiUnr  il 

drawn  off  bjr  a  gald  siphon,  and  truiarenx<]  to  »  Inrge  Tnt  or  1:1(10  gallom,  oea- 

(abklac  a  aataraiad  nlatiiui  of  ttmausa  salt.     Prexta  ncid  is  tliau  added  Ui  die 

(oUIb tbopoti.alraadrBBarly  parted,  aleam-hcat  BiipUo'lnsa'n  fur  k^ct^  hoarti 

"~1  ^  whele  left  again  t«  rvpoee.    On  the  rollowiue  laoming  the  aoid  liquid  ef 

I  ef  tbe  poti  being  drawn  effond  tli«6negold  reniote^  ti  iti  filter,  fieeb  gruiti- 

I  ef  geld  and  allTer  are  introduced,  and  the  ii«id  liquid  nf  the  »4J''''>>''R 

,  UMnining  onljr  a  eaall  quantity  nT  nitrnto  nf  iiilvcr  pniuvd  orer  iL     A  frenh 

I  of  granulnted  melat  iatbaiCret  worked  by  tbs  yeCetronit  neid,  shloh  aoted 

IBeU'lj'  Rne  Kold  of  ihoprerioua  charge.     A  charge  of  $(S(>i\Oi!iO  or  more  ia 

^worked  off.  rrjintd.  In  two  days;  by  4^  pounds  of  purling  ncid  to  eiery  pound 

old.     Thi;  guld  ia  washed  thoroughly  oo  a  filter  by  hot  water,  jKcoaod  in  * 

ealiepTrea,  further  'IrieJ,  melted  wilb.  oopper,  and  cut  Into  bare,  about  :i400 

baeea  Triiy  <*(>n!ttiliitiu|E  n  melt-     After  Icin^  Bstayed,  they  are   IIicd   rcmelced 

>i(li  the  e&lculiLtrd  quaniitira  of  c<ip|i»r  or  fine  gold  reqniaite  (o  bring  tlivm  to 

ndard  of  1*011  thoimnndilt?  fine,  and  catt  Into  Ingcts.     17pon  their  proriag 

.  Id  the  aaunr.  ucntilly  to  wltliin  xn'et  "^  ''"'  ittncdard.  tliey  ore  deliierld 

kMlned.     Tbe  eliluride  of  aili er,  ancnrately  pri^ripitntcd  with  a  alighl  tuMH 

r*alt.  !■  filtered  and  wuhcd  thcirnuehlj  on  larit<>  Alten,  of  ■'!  by  6  feet  and  14 

'hea  deep.    It  ia  then  tranifcrrcd  u  lead-llnod  wooden  Tots,  rednced  to  melalllo 

llilver  by  granulated  linc,  and,  theeieeeaof  klni:  being  removed  byaulpharioMiid, 

|Waahed.  prcHcd  in  the  hydraulic  prtea,  dried  by  hwt,  and  remoitcd  with  a  new 

OTtien  at  gold. 

VUi  BWthotI  nf  parting  formerly  required  8  parta  of  nilver  to  1  part  of  gold, 
latt«r  ceniUtuliag  a  fourth  part  of  the  alloy,  the  proeeaa  woa  tenaed 
M.  We  have,  bowerer.  found  that  2  pule  liher  to  1  part  gold  are  oalH 
1;  aad  If  tbe  metal  he  well  grannlitted.  the  acid  wOI  not  leare  10  laoa- 
I  ef  rilrer  in  thegotit,  which  le  suBideat  to  prevent  the  tou  ilailteniag  «S<ct 
'  ia  the  tWM. — /.  C.  B. 
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ttirown  into  coW  water,  m  onlci"  to  prevent  tlie  rormation  of  crystalB 
bj  Blow  cooling.  Tho  excess  of  mercury  being  rcmoTtd  by  pr«- 
Bore,  a  doughy  amalgam  remains,  conBlgting  of  2  parts  of  gold  sod 
1  of  mercury. 

Dronse  objects  require  WTeral  pTcliminaTT  preparatioos.     Tbey 

,,Bre  heated  to  redness  and  then  dipped  into  aitiite  ttulphnric  ncid  to 

i-di-sRolve  the  oxido  vhich  forms  on  the  surface,  which  operation  is 

'called  the  cUatitn^,  (d^rochnge,)  and  thoyarc  sometimre  dipped  for 

ft  moment  into  concculrated  nitric  acid,  in  order  to  obtain  a  more 

[perfect  cleanging,  called  i-aufi'a^f.    TheBnrTaooisthen  nmnlgnmated 

by  means  of  the  icratch-hrufh,  made  of  fine  trasa  wire,  which  is 

first  dipped  into  a  Bolution  of  nitrate  of  mercnry,  and  tbfin  pressed 

rpn  the  uiualgam  of  gold,  port  of  which  adheres.     Tlic  article,  beii^ 

ttnbbod  with  the  bnish,  is  placed  on  an  iron  grate  over  cnalu,  in  a 

'cliimocj  which  must  draw  well,  in  order  to  carry  off  the  mercurial 

I  Tapours,  which  woidd  injure  the  health  of  the  workmen.     The  arti- 

,elc  is  then  cleaned  with  a  bru^h  dipped  in  vinegar,  and  the  ports 

■  irhich  are  to  be  bright  are  polished  with  blood-slone. 

By  substituting  an  amalgam  of  silver  for  one  of  gold,  and  ope- 

IntJog  ia  the  some  nin.Duer,  copper,  bronxc,  and  brass  can  be  covered 

tirith  a  coating  of  Bilvpr.     Thp  brasB  Rrales  nf  bnromctcrsand  other 

instruments  are  silvered  hy  being  rubbed  with  a  cork  moistened  with 

mixture  of  1  part  of  chloride  of  siWer,  2  of  carboooto  of  potassa,  1 

of  common  salt,  and  ^  of  a  part  of  chalk. 

Gilding  hy  Immernon, 

§11G1.  Tliid  process,  which  is  chipfly  used  for  gilding  copper 
I  jewelry,  consists  in  piiinping  the  articles,  after  eeing  cleaolj 
iped,  into  n  boiling  sniutinn  of  chloride  of  gold  in  an  alkaline 
donate,  which  is  prepared  by  dissolring,  on  the  one  hand,  100 
grammes  of  gold-leaf  in  2.')0  gramrara  of  nitric  acid  at  97*,  250  gm. 
of  concentrated  ddorohydric  acid,  nnd  250  of  water,  and  on  the 
other  hand,  8  kilogs.  of  carbonate  of  potassn  in  20  litres  of  water, 
1 4ia8t-irou  kettle.  When  the  gold  is  entirely  dissolred  in 
F'dtft'W|Dfr'Wat  the  li<)uid  in  puin-cd  into  a  porcelain  capsule,  and 
8  kilogg.  of  oicarbonate  of  potavDu  are  gmiiually  adrled,  when  a 
lively  cffcrvDHcence  enituoe,  after  the  termination  of  which  the 
content*  of  the  capsule  are  thrown  into  the  kettle.  The  liquid  is 
boiled  for  2  hoars,  replacing  by  hot  water  that  which  evaporates ; 
after  which  the  golJ-batb  ijt  ready  for  gilding. 

When  the  copper  articles  aro  prepared  for  gilding,  they  ore 
bound  together  with  a  brass  wire  and  Huxpended  to  a  glass  hook. 
At  the  right  of  the  bath  are  placed,  Isl.  A  vessel  containing  a 
mixture  of  nitric,  sulphuric,  and  cblnrohydric  acids ;  2d.  Two  ves- 
Dels  filled  with  water  ;  3d.  A  vessel  containing  a  solution  of  nitrate 
of  mercury;  4th.  A  vessel  containing  water;  while  at  the  left  of 
the  hath  are  2  or  8  pots  holding  water.     The  workman  first  dtps 
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be  articled  into  the  Mid  liquid,  and  then,  toeoeesiTelj,  into  the  tvo 
sels  holding  water,  into  that  of  nitrate  of  mercary,  into  the  mo 
ceedin;^  one  of  water,  and  lastly,  into  the  gold-bath.  When  ther 
have  rt'tnained  in  the  bath  for  about  30  seconds  they  have  taken  all 
the  ff'Ai  tliey  cau  receive,  and  are  then  removed,  washed  in  the  pots 
uD  the  left,  and  dried  in  heated  t^awdiiat. 

Their  colour  is  then  piven  by  ineanH  of  a  mixture  of  6  parts  of 
^tre,  2  of  nutphato  of  iron,  and  1  of  eulphate  of  zinc,  dini^olred  in 
n  Kuiall  qoantity  of  boiling  water,  intu  which  the  elided  articles  are 
dipped ;  after  which  they  are  dried  before  a  bnght  fire  until  the 
saline  coating  turns  btuwa.     They  are  then  washed  with  water. 

^B  Oahanic  Qilding. 

^K  §  1162.  By  mcnna  of  f^nlvaniiim  a  perfectly  adherent  eoating  of 
^Bold,  of  any  desired  thicluiesa,  may  be  applied  to  copper,  brass, 
IrDDze,  ailrer,  platinum,  iron,  steel,  etc. ;  anil  by  using  oorre> 
sponding  solatioaSf  silyer,  platinom,  cobalt,  sine,  etc.,  can  aUo  be 
depoeited  on  coj^r  and  iXs  alloys.  The  solutions  oned  for  galvanic 
processes  are  those  of  cyanide  of  potassium,  in  which  a  cyanide 
of  the  tnetai  to  be  deposited  has  been  diwtulved ;  and  the  same 
liquid  may  be  used  ad  infinitum  if  a  clean  blade  of  the  metal  to  be 
preoipituted  be  kept  in  the  solution  and  placed  in  cummuiiicatton 
with  the  positive  pole  of  the  battery.  As  the  metal  in  solution 
is  dojKHtited  on  the  articles  which  communicate  with  the  negntiro 
pole,  an  equivalent  quantity  of  the  metal  fixed  to  the  positive  pole 
dia^olTcs,  while  the  composition  of  the  liijuid  rcmninn  uniform, 
if  the  surface  of  the  melallie  bUdo  is  nearly  equal  to  that  of  the  ob- 
jects to  be  covered.  The  best  solatioD  for  gilding  in  made  of  100 
parta  of  dii^tilled  water,  10  parts  of  cyanide  of  puiussiuiu,  und  1 
part  of  cyanide  of  gold.    The  liquid  is  placed  in  a  largo  wooden  vat 

CC  (fig.  ei>2)  linod 

with  mastic,  and  tra- 

vri'^SL'd  by  iwo  gilded 

iiic-tattic  rodsW',  vv', 

which  dip  into  the 

liquid,    the    rod    ttf 

communicating  with 

'  the    negative    p(Ue, 

and  the  rod  w'  with 

the  poflitife  pole  of 

_^  the     batlenr',    while 

two  large  sheets  of  gold  or  heavily  gilded  copper  oo'  dip  into  the 

b«th  and  communicate  with  the  rod  vv'.     Heating  on  the  rods  H' 

and  rtr*  are  movable  rods  ab,  of  gilded  brawi,  to  whidi  the  objecta  to 

ibe  gilded  are  suspended. 

The  battery  is  formed  of  plates  of  sine  and  copper,  dipping  into 
pWeak  solution  of  sulphuric  acid;  each  element  being  commonly 
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composed  of  a  woo<len  vessel,  lined  with  mastic,  in  nliicfa  two  con- 
centric cylinders  of  copper  and  Bine,  kept  apart  by  irowlen  peca, 
are  arranged.  Tlie  zinc  cylinder  bns  been  fir%t  aroalj^Bmateil  with 
mercury,  in  order  to  protect  it  from  too  rapid  eolntion.  Water 
acidnlatod  with  mlphuric  acid,  marking  5°  dcj^ees  on  Baum^'s 
areometer,  being  placed  in  ttie  veseels,  tbe  tine  of  each  element  is 
made  to  communicate  irith  the  copper  of  the  Bucceeding  one  by 
means  of  a  strong  brass  Tire  attached  to  the  upper  part  of  tbo 
crlinders,  while  the  free  zinc  cylinder  of  one  of  the  two  extreme 
«lenicnt8  is  placed  in  commiuiication  with  the  rod  vv'  which  forms 
the  positivo  pole,  and  the  copper  cylinder  of  the  other  extreme  ele- 
ment communicates  with  the  rod  W  which  constitutes  the  ncgativo 
pole  of  the  battery. 

T)ie  objoctft  to  bo  g^ded  should  be  prepared  as  for  gilding  by 
iramorsioii,  but  the  rariYagc  ia  unn('C[;asary.  The  time  of  immar* 
sion  varies  with  the  thickneso  of  the  coat  required ;  and  the  torn- 
pexaturo  of  the  hath  ehould  bo  bctwooa  69''  and  6^°.  In  order  to 
aseertuin  the  quantity  of  gold  depoutted,  it  is  suSicieut  to  weigh  the 
object  before  and  after  immersion. 

Although  the  soluliou,  the  composition  of  which  was  just  ex* 
plained,  is  ordinarily  uec-d,  the  came  effect  can  bo  obtained  with 
difiV-rcnt.  materials;  iiud  eithiT  the  cyanide  of  potassium  may  be 
replaced  by  the  double  cyiiiiide  of  irou  nnd  potassium,  or  the  cyanide 
of  gold  by  its  scsquioxiuc,  or  by  the  douhto  chloride  of  gold  and  po« 
tnseium,  or,  lastly,  by  sulphide  of  gold.  The  same  process  is  adopted 
for  the  gilding  of  iron,  Btctl,  or  tui ;  but  a  small  ipiantity  of  copper 
mut  preriouslT  bo  deposited  on  the  object  by  dipping  it,  for  a  few 
momenta,  in  u  bath  couipused  of  1  part  of  cyanide  of  copper  and 
lOparts  of  cyanide  of  potassium  disfiulvod  in  100  parts  of  water. 

Oalvanu!  Stlvertag. 

f  1168.  GaWaaic  nlvcring  ie  applied  chiefly  to  objects  made  of 
German  silter,  or  other  compositions  which  closely  resemble  rilrer> 
plate.  The  thickness  of  the  coating  of  silver  may  be  IncrcaMd  &t 
pleasure.  • 

The  nolution  used  for  silvering  is  made  of  100  parts  of  distilled 
water,  10  of  cyanide  of  potassium,  and  1  of  cyanide  of  eilver;  the 
proce&s  being  the  same  as  that  for  gilding,  with  the  exception  that 
the  ishcctt!  of  gold  in  the  bath  (fig.  (>02)  are  neceaeai-ily  replaced  by 
sheets  of  silver.  The  silvered  pieces,  which,  on  leaving  the  bath 
arc  of  a  dead-white  colour,  arc  polished  by  the  burnisher,  and  then 
heated  to  a  dull  red-heat  in  a  muffle,  after  being  dipped  into  a  iwhi- 
tion  of  borax.  When  cooled,  they  are  plunged  into  a  weak  solatkio 
of  sulphuric  acid,  and  then  dried. 

By  an  analogous  process,  plutiuum  may  be  deposited  on  copper  or 
silver;  but  it  adheres  wtih  difficulty,  auo,  as  yet,  it  lias  Iccn  found 
impoBsible  to  protect  articles  ooverod  with  platinum  from  the  action 
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^ef  Ditric  acid.    Solatkins  for  the  dcpositioa  of  zinc  and  lend  are 
prepared  bjr  diaaolving  oxido  of  zino  or  oxide  of  lead  in  a  soIatioD 
'  cyaoide  of  potaaflium. 

GALTASOPLASnCS. 

S  11 C4.  "By  means  of  n  feeble  electrical  current  a.  unifortn  and  firm 
coat  of  copper  can  be  doponited  on  any  given  object,  and  a  raised 
mrface  Uiiu  be  reproducf^]  in  relief  ivith  extreme  cxactQcsit.  Tho 
copper  plat«  thus  producod  con  be  U6ed  as  a  mould  to  form,  bj 
meuts  of  a  galvanic  corront,  a  second  deposit  of  metallic  copper, 
nprodncine  faitlifuUy  the  origb&l  object.  These  processes  aro 
applied  to  tliL-  n-production  of  iiii'(U1m  nn  J  copper  pUti-^,  the  battery 
wed  being  the  anmo  as  that  employed  for  gilding,  while  tho  liquid 
for  coppering  cousisu  of  a  itlightly  auidubtcd  ssturutcd  solution  of 
Bulphatc  of  copper,  into  which  the  obicct  on  which  tlio  motaUie 
copper  is  to  bo  precipitated  ia  dippod,  auer  being  broiij;hl  into  com- 
monication  with  the  nogativo  pole.  The  po«ittvo  nole  terminatos 
in  a  plate  of  copper  of  about  the  same  size  ta  the  ODJect  to  b«  cop- 
pered, and  parallel  to  it  al  a  short  distance.  In  order  to  reprodnce 
a  medal,  the  first  step  is  to  make  ita  mould  in  relief,  either  vith 
pUster,  (§660,]  or  with  fusible  alloy,  (g  316,]  or  with  stearic  acid, 
asd  afterward  render  it  impervions,  by  immeraing  it,  for  a  few  mo* 
mentB,  ia  a  melted  mixture  of  steanc  acid  and  white  wax,  after 
which  it  is  lined  with  plumbago,  uniformly  spread  over  it  with  a 
brash.  The  object  of  this  couting  is  to  rendor  the  surface  of  the 
moatd  a  conductor  of  clectriciir ;  which  being  dnne^  tho  mould  !■ 
dipped  into  the  solution  of  sulphate  of  copper,  nfter  having  secitRd 
it  by  a  ftmnll  copper  bund  around  its  circumference  and  fastened  it  to 
the  negative  wire  of  the  battery.  The  copper  which  in  deposited  OD 
the  mould  can  he  made  of  any  thict:ne.<ut  by  keeping  it  for  a  suffident 
length  of  time  in  the  bath,  and  it  separates  vei^  readily  from  tb« 
mould,  which  can  be  UKcd  for  any  number  of  timea.  The  copper 
thoa  precipitated  by  the  giilvanic  current  is  in  cryetalltQe  grauu, 
.which  are  the  innaller  the  ntore  feeble  the  current  ia. 

In  order  to  reproduce  tho  medal^ 
it  in  not  necessary  to  uac  a  Depurate 
battery,  sh  tho  experiment  may  be  bo 
arranged  ha  to  produce  the  gatvaitio 
current  iu  tho  balh  itself,  tig.  603 
reprcjscntd  a  smaJl  apparatus  generally 
used  for  this  purpose.  A  is  a  glass 
vessel,  &llcd  with  a  saturated  eolution 
>of  sulphate  of  copper,  to  maintain  the 
saturation  of  which  crystals  of  sulphate 
Hg>  003-  of  copper  are  placed  on  the  stand  m. 

L  g1a»  cylinder  B«  open  at  both  ends,  is  hold  up  by  the  Rupport 
^  r,  P'  in  the  vessel  A;  the  bottom  of  the  cylinder  being  made  of 
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eoin«  porous  membranes — n  bl&dder,  for  ioBt&noe.  A  vcak  solntioa 
of  itulphurio  ncirl  in  poared  into  tlie  vewtel  B ;  and  two  metaUie 
riiiga  (!,/',  terininating  in  metallic  rods  unitcil  rit  llitir  upper  pBrt»< 
are  iJipped,  the  one  b  into  the  solution  of  Hu1phal«  of  copper,  the> 
other  a  into  a  solutiou  of  stilphuric  acid,  and  uru  kept  tM^'puratod 
bv  the  tnembriLiie.  A  plate  of  atnalgainatf  d  sine  is  placed  oa  ths 
ring  a,  while  the  mould,  on  which  the  copper  is  to  be  precipitated 
is  set  on  the  ring  i;  and  the  intensity  of  the  electrical  carrcnt  U 
gauged  by  paaatng  the  npper  leg,  »",  of  the  metaJlio  rods  which  sup- 
port the  rings  a  and  h,  helon  a  movable  magnetic  ring,  the  devia>- 
tioQS  of  which  are  in  proportiou  to  the  activity  of  the  current. 

AKALVSIS  AKD  ASSAIINO  OF  ALLOFS  OF  GOLD. 

§  1165.  Alloys  of  gold  and  copper  may  be  analyied  by  cnpcllinff 
tbem  with  lead,  and  following  c\ncilj  the  same  process  as  dt-scribea 
for  the  cupellation  of  alloys  of  silver  and  copper.  If  the  alloy  con- 
tains no  sdvcr,  the  weight  of  the  lamp  obtained  represents  pretty 
exactly  the  quantity  of  pure  gold  which  existed  in  the  alloy;  bat 
if,  ufi  more  frequenlly  happens,  the  alloy  contains  a  certain  propor- 
tion of  silver,  thin  latter  metal  remains  atlojed  with  the  gold  after 
tit«  cupellation.  Uowcvcr,  the  process  of  direct  capellatioD  ia  at" 
tended  with  »arplas.<ie!i  and  loH.<ieH  which  Dometimcs  reach  3  thoa- 
saudlhs:  when  the  tomperattire  of  the  muffle  is  very  great,  then 
is  a  small  loss  arising  from  the  absorption  of  a  small  (luaotity  of 
gold,  bv  the  onpel ;  and  when  the  heat  is  too  low,  the  gold  retains 
a  small  quantity  of  copper  and  lead ;  although  gold  loses  lesa  hj 
jlntilizing  tlian  silver. 

In  order  to  delermino  exactly  the  quantity  of  gold  existing  in  a 
ternary  alloy  of  gold,  silver,  and  copper,  it  is  cnpellcil  at  a  mode- 
rate heat  with  a  certain  quantity  of  silver  and  lead,  in  order  to  obtain 
an  alloy  of  silver  and  gold,  from  which  the  latter  can  be  perfectly 
Mparated  by  meatva  of  an  excess  of  nitric  acid,  which  dissolves  tlio 
mItct  and  leaves  the  gold  pure.  In  order,  however,  to  insure  exact 
rcaultt*,  there  tnuat  be  a  certain  ratio  between  the  quantities  of  gold 
and  silver;  because,  if  the  proportion  of  silver  be  too  small,  the 
nitric  acid  does  not  dissolve  it  entirely ;  and  if,  on  the  contrary, 
the  qiinntitj  of  silver  be  too  great,  the  sUvcr  and  copper  arc  com- 
pletely dis.to1ved,  while  the  gold  oeparatea  in  the  form  of  powder, 
which  it  is  difficult  to  collect  without  loss.  Experience  haa  shown 
that  tlie  most  favourable  conditions  for  the  assay,  commonly  called 
the  parting,  (Jrpartt)  consist  in  reducing  the  alloy  to  I  of  gold  and 
j  of  silver,  in  wiiidi  case  it  is  couptetely  aeteil  on.  while  tuo  tepUr. 
rated  gold  preaerres  the  fwm  of  the  original  alloy,  and  do«s  soft 
Wooie  divided,  if  the  operation  be  carefully  conducted.  This 
operation  has  received  the  Dame  of  auartation. 

The  prnportion  of  lead  to  he  addeo.  which  niriea  wiiL  the  standard 
of  the  alloy,  is  indicated  in  the  following  table : — 
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1000 
900 
800 
700 

soo 

500 
400 
300 
200 
100 


thousandths 1  part. 

"  10    " 

"  16    " 

*' 22     *' 

*'  S4     " 

<•  26    " 
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imppoae  thai  the  staodiini  of  a  piece  of  coin  is  to  bo  iloternihl- 
jtho  legal  standard  of  which  wliicli  tuny  be  regarded  na  its  approxi- 
kte  standard,  is  ft%.     The  quantiljf  of  alloy  uaually  operatt>i3  on 
ung  0.^00  an.,  cootaininj;,  accordiog  to  the  legal  standard,  0.450 
1.  of  gold,  therefore  IM^O  gm.  of  silrer  and  5  goi.  of  lead  must  be 
Idfld.  But  if  nn  alloy  ia  to  ne  assayed  tiic  Icgn!  stnndard  of  which 
entirelT  uulcnown,  the  first  step  is  to  ascertaiu  the  latter  by  ap- 
gjdmauoo,  by  meunn  of  tlic  aaaat/  by  thf  toiuh-needl/;  shout  to 
I  described,  al^er  which  the  procens  ia  continned  as  uaual. 
^e  lead  Js  firsit  pluced  in  the  heated  cupel,  and  whon  it  is  in 
won,  the  mixturo  of  gold  and  ^Ivcr  is  introduced,  having  been 
^rerioosly  weighed  and  wrapped  in  a  piece  of  paper.     The  cupel- 
lllition  Itj  allowed  to  go  on  as  uBoal,  ana  reuutrea  Icsii  care  than  the 
■eopcllalion  of  flilver,  because  silver  nlloycd  with  gold  is  not  tiahle 
^  blister ;  but  the  cupel  should  be  removed  immediately  after  the 
thuiing  to  avoid  loss  byrolatitizitlion.    The  lump  io  removed  after 
H)ting,  flattened  under  a  hamuier,  annealed  for  a  few  moments,  and 
lien  rolled  between  cylinder? ;  after  which  the  sheet  thus  obtained 
rolled  into  a  spiral  form,  and  subjected  to  the  action  of  nitric  aod 
A  «mall  ossaycr'a  Boak,  (tig.  604,)  into  which  30  grammea  of 
nitric  acid  of  22°  Ituuiu^  arc  pmired,  and  boiled  for   20 
minutes.     The  add  is  then  decanted  and  replaced  by  30  pn. 
of  pure  concentrated  nitric  acid  marking  S2°,  which  is  boQed 
for  10  minutes;  whca  the  acid  is  decanted,  and  the  gold, 
wbicL  ha»  preserved  the  shape  of  tlic  nlloy,  washed  several 
Ij.  OOi.  times,     Tho  flast  being  afterward  comt«etcly  filloKl    -with 
rater,  its  mouth  is  closed  with  the  thumb,  and  it  ia  iuTcrted,  frlien 
le  epiral  sheet  of  gold  falls  slowly  through  the  li<^«id  columu,  aad 
received  in  a  unall  earthen  crucible,  after  which  ihe  water  it 
Bored  off,  and  the  crucible  heattnl  to  rednetw  in  the  muffle. 
The  acid  should  uut  be  too  coucentrated,  becaoso  the  gold  mtg^ 

)  divided.     When  the  assay  has  been  made  with  the  prec "^ 

jdictttfd,  tho  gold  rcinaina  in  the  form  of  a  spongy,  broi 
err  friable  mass,  of  nearly  the  same  volume  as  the  origtiui 
^    Voi-U-SD  ^  32 
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but  it  coutrEctfl  coasidcrablv  vihcu  heated  in  the  sm&ll  crucible, 
becoming  harder  and  assuming  tlic  lustre  and  colour  of  malleable  m 
gold.     The  calciuod  gold  being  exactly  Tcighcd,  the  standard  of  ■ 
toe  alloy  is  thua  obLuined  nithia  nearly  1  thousandth. 

IHrcet  nssaye  mnde  on  known  alloys  of  gold  and  silver  have 
shown  that  the  operation,  when  carefully  performed  aa  just  de-. 
scribed,  can  give  rise  only  to  the  following  errore: — 

TriM  (Unlkn]*  of  Uw  tliaj.  Bt«iti]«i4i  Iboad-  DUhnim*. 

WO 900.25  +0.25 

800 800.50  +0.50 

700 700.00  0.00 

flOO 600.00  0.00 

600 499.50  -0.50 

400 899.50  -0.50 

800 299.60  -0.50 

200 199.50  -0.50 

100 99.50  -0.50 

AwayiHg  by  the  tctuh-needle. 

§1166.  The  RBBRy  jiiot  described  cannot  be  applied  to  Sovl 
jewelry,  because  the  article  irould  be  destroyed  by  the  process,  audi 
gold  jewplry  is  thcrfforc  subjcctrJ  to  ii  test  culkd  the  assay  by  tbft] 
touch-needle,  which  doee  not  injure  it,  and  yet  enables  a  skUfulj 
assayer  to  determine  its  standard  within  nearly  1  thousandth.  Tlw  1 
method  consiBts  in  rubbing  the  object  againat  a  very  hard  bloct 
stone,  on  which  it  Icavrs  marks,  from  the  colour  of  which,  and  iheir] 
behaviour  when  moistened  with  a  mucture  of  nitric  add  of  a  donaitj  i 
of  1.114  with  2  per  cent,  of  chlorohydric  acid,  the  awayer  forma  toA 
appnisimate  opinion  of  the  standard  of  the  alloy.  The  black^stonn 
used,  culled  tauch-tliyjie,  in  a  kind  of  quartz,  coloured  with  bltuinenfJ 
which  formerly  was  imported  from  Lydia,  but  hut  Ukewine  boenl 
found  in  nohemia,  Saxony,  and  Silc&ia.  The  conditions  C8scntikl| 
to  a  good  toucb-jitone  are :  an  intense  black  colour,  incapability  of  , 
being  acted  on  by  acids,  hardncet^,  and  a.  Gufficicnt  degree  of  rongli- 
new  to  retain  »omt'  of  the  gold. 

The  aesayer  is  provided  with  a  Bcriea  of  small  blades,  called  tCHi:h-\ 
nrcdleji,  consisting  of  nlluys  of  copper  and  gold,  the  atanilard  of  i 
each  ofwliicb  is  exactly  known,  which  enable  him  to  compare  th«j 
marks  they  leave  on  the  touch-etonv,  before  and  al^or  the  action  of  j 
tlie  acid,  with  that  of  llie  alloya  to  be  aseayod. 

No  regard  should  be  paid  to  the  6rst  rnarka  Ic^  by  the  nrticU 
on  the  touch-stone,  oa  they  are  made  by  the  superScial  htycr,  auJ 
alwnya  show  a  higher  standard,  because  the  £iirfaco  consists  of  pui 
gold ;  and  several  marlis  should  therefore  be  made,  the  lijjit  of  wnic 
only  is  cxDioiucd.  Alongitidc  of  these  marks  others  arc  made  vit 
that  touch-needle  the  couipositiou  of  wluch  aj]proache«  nearest 
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that  of  the  articlp ;  vhen  a  gism  rod,  dipped  in  tbc  acid,  is  drawn 
Ter  both,  after  whiob  the  colour  of  each  mark  tad  the  manner  of 
ion  of  the  acid  arc  cxanuocd. 


PLATINUM. 

Equivalent  =  98.7  (1288.7j  0  =  100). 

51167.  Platinum,  which  was  imported  into  Europe  only  about 
the  middle  of  the  last  centurj,  but  was  long  known  m  Americji  by 
the  Spanish  name  of  vtattJia,  a  diminutive  name  for  gilrer.  wae  for 
a  long  time  qnite  tiseleue,  becauBo  no  one  could  work  it.     The  rla- 
tinum  of  commcrop  is  nearly  purt*,  no  it  commoulir  contains  only  a 
nail  quantity  of  iridium,  which  iucreasoa  m  hardneeu,  but  dimi- 
ahes  its  mallcalilitj.    In  order  to  obtain  perfectly  pure  platinum^ 
metal  of  commerce  h  dlse<o]ved  in  aquu  regia,  tuo  solution  fil- 
ered,  and  chloride  of  pota^Imn  ia  added,  which  yields  a  copions 
ellow  precipitate  of  a  aouMe  cMoride  of  pktiiium  and  potassium, 
slightly  Rolubic  in  water,  but  generally  mix«d  with  a  flraall 
atirt  of  the  corrt'ipondiii;;  double  chloride  of  iridium  and  potiw- 
Rtua.  The  precipitate  is  mixed  with  carbonate  of  potassa  and  heated 
redness  in  an  earthen  crucible,  when  the  chloride  of  platinum 
^ve«  off  it*  chlorine  to  the  potassium  of  the  carbonate  of  potassa, 
kving  the  platinum  isolated,  wliilc  ojcygeu  and  carbiMiic  acid  aro 
mgaged.     The  doiil>lo  chloride  of  iridium  is  also  decoinpOBed, 
Dt  the  indium  rcmainit  in  the  state  of  oxide.     Tho  calcined  mass 
19  treated  with  hotHnter,which  dissolves  the  alkaline  salts, 
and  Ihe  rciidue  is  acted  on  by  weak  acjua  regia,  which  dis- 
solves the  plftiinom  alone  and  leaves  the  oxide  of  iridium. 
Snl  ammoniac  is  added  to  tlic  eolution  of  chloride  of  pla^ 
tinnm,  when  a  yellow  ciystallin©  precipitate  of  double 
chloride  of  platinum  and  ammoma  PtCI,+KH„HCli8 
formed,  which,  on  being  calcined  to  rcdncsa  after  wash> 
tnfr,  leaves  a  spon^^y  muss  of  platinum,  called  platfnufn 
tpongt. 

In  order  to  reduce  platinum-sponge  to  the  state  of  mal- 
leable platinum,  it  ia  introduced  into  a  brass  cylinder  efgh, 
(fig.  6<)5,)  the  bottom  of  which  fits  into  a  steel  cup  abed^ 
while  a  steel  pi^ou  t^  moves  in  the  cylinder.    'When  the 
cylinder  is  half-filled  with  ulatiuum-spouj^,  the  piston  is 
rintroduced  and  Mnick  witn  a  hammer,  at  firet  gently, 
1/  afterward  more  powerful ;  by  which  means  a  solid  disk 
Fif.  m.    of  platinum  is  obtained  in  a  sbcrt  time,  wlii«b  is  heat«d 
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to  a  wUitc-hcat  in  a  muffle,  and  again  hiumncred  on  a  Btocl  Aavil. 
B/  ri'peatiug  these  operations,  &  perfectly  malleable  plate  of  pUti- 
num  h  obtained,  vliioh  can  be  rolled  into  sheets  in  a  Bmall  rolling, 
m&chise. 

§1168.  Platinum  reaists  the  highest  temperature  of  a  forge-fire 
without,  fufiing,  but  it  mclta  before  the  oxylijdrogen  blowpipe,  or 
betwevn  the  jiioees  of  cLart-oul  teriuiuuttiig  thL>  conuuctors  of  a  pow> 
erfiil  batttry.  I'Utinmri  poaecsses  the  property  of  being  wcldod 
and  Holdered  on  itself  at  n  white^heat,  the  appllcatiou  of  which 
property  haa  just  been  mentioned  in  the  tnuiefoTinatioa  of  sponge 
platinum  into  the  niallcAblc  metal. 

Platinum  is  of  a  grnyisli -white  colour,  Rusceptihle  of  a  high  polish, 
and  poaaeasiog  great  malleabiHtj  nhf-n  pure,  while  the  presence  of 
a  Tory  small  quantity  of  foreign  miitier  will  profoundly  affect  this 
quality.  Although  the  tenacity  of  pure  platinum  is  hardly  inferior 
to  that  of  iron,  the  platinum  of  commi}r(!r>,  which  always  coDtains 
small  quantities  of  iridium,  is  much  les)«  ttnactous,  for  a  wire  of  2 
miUimetres  in  diameter  freiiuently  breakn  und(>r  a  weight  of  \2i» 
Idlogs.     The  density  of  hammored  or  rolled  platinum  is  21.5. 

Platinum  dor»  not  oxidize  in  the  air  at  any  tempcniture,  and  is 
acted  on  by  only  a  limited  number  of  acids.  Clilorobydric  and 
concentrated  9ul|iburic  neid  do  uut  affect  it,  neither  does  nitric  acid 
attack  it,  altliough  it  is  golulilc  in  this  aeid  when  alloyed  with  a 
sufficient  quantity  of  silver.  Aqua  regiiL  is  the  true  solvent  of 
platinum. 

I'latiiium  is  ucted  on  at  a  rcd-hoat  by  potas&a,  sodA}  and  particu- 
larly by  Ijthia,  but  remains  unchun;;ed  when  exposed  to  the  action 
of  the  alkaline  carbonates.  A  mixture  of  nitrate  of  potassa  and 
potassa  act*  ou  it  much  more  readily  than  pure  potaesa.  Sheet- 
platinum  is  aotcd  ou,  only  after  a  long  time,  by  sidpuur,  phoepborus, 
mod  arsenic,  while  platiniun-spouge  combines  readily  with  theae 
substances,  producing  fusible  and  very  brittle  compounds.  A  mix- 
ture of  eilex  and  airbon  attacks  platinum;  in  which  manner  plati- 
num cnieibles  are  freniiently  rendered  useless.  As  the  Hurfaee  of 
a  platinum  crucible  bccoinea  rough  from  repeated  heating,  and  the 
metal  x'ery  brittle,  it  should  never  be  heiited  in  contact  with  char* 
coal,  but  rather  be  placed  in  earthen  crucibles,  at  the  bottom  of 
which  a  Esmall  quantity  of  quicklune  or  magnesia  is  deposited. 

§  ll*jl).  Metallic  platinum  may  aUo  be  obtained  in  the  fonn  of  a 
very  finely  divided  precipitate,  called  piatinum-blaekf  and  th«n  pos- 
seOBOs  remarkable  properties,  on  which  wo  shall  dwell  for  a  short 
time.  Platinum-black  is  ubtaincd  by  reducing  platinum  in  solution 
by  an  cajiily  combustible  organic  substance;  to  which  efft'Cl  a  solii- 
tion  of  chloride  of  plutinmu  PtCl,  is  generally  boiled  with  curbooutc 
of  eoda  and  sugar,  when  chloride  of  godiuni  is  formed,  while  thoplnti- 
num  is  precipi  tated  in  the  metallic  state  and  the  oxygon  given  off  by 
the  soda  decomposes  a  portion  of  the  suj^ar  into  water  and  carbooio 
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«dd.  The  flask  in  wliich  the  opcrntion  ie  porfonnod  must  be  fro* 
quentl;^  ehaken  to  prevent  the  precipitated  platinum  from  adhering 
to  ii8  Hides.  The  pred[Htaie  tg  coUected  on  a  filter  aod  dried  bfr- 
twMn  tissae-pftper. 

natinum-black  is  aUo  prepared  hv  dissolving  protooUoride  of 

fiUtioum  PtCl  in  n  cnnoontrate'l  »>mtion  nf  potMift,  boiling  tbc 
iqind,  and  then  adding  a  fiiiiall  i|iiantitjr  of  alcohol;  when  ft  very 
lively  effervescence  of  carbonic  acid  ensiips,  while  the  platinum  is 
precipitated.  La^ilr,  It  ie  tuimetimeH  obtained  b^  decomposiog 
sutphate  of  platinum  by  alcohol  with  the  assistance  of  heat. 

rlaely  dirided  metallic  platinum  pofisessea  the  property  of  con- 

'  densiog  gases  in  very  large  quantities.    Thun,  platinum-Mark  which 

I  is  allowed  to  remain  in  an  ntuiosphere  of  oxyj^on  f^  will  condense 

Beveml  hundred  times  its  volume  of  the  gas  and  afterward  exhibits 

[Very  iatenso  phenomena  of  combustion.     If,  for  example,  a  drop  of 

ibaolutc  alcohol   be   throwu  on  platinum-black   thus  charged  with 

jgea,  the  whole  substanee  becomes  incandescent;  and  if  a  e*p- 

fe  containing  platinum-black  bo  placed  under  a  betl-claia  fillnd 

hvritb  air,  the  sides  of  which  are  moistened  with  alcohol,  tho  vapours 

of  the  alcohol  undergo  a  slow  oxidation,  which  convorta  them  into 

aCtc  acid.     Thix  property  of  plntinutn-blaek  depends,  in  a  great 

on  the  method  cuiployod  in  its  preparation;  as  for  cx- 

imple,  that  obtained  by  decomposing  Hnlphato  of  plalinum  by  alco- 

bo!  is  the  moat  active.  The  action  maybe  measured  in  the  foliowing 

[ntanner : — Having  pajtsed  to  the  top  of  a  graduated  bell-glatH  filled 

Vitb  mercury,  a  email  quantity  of  a  solution  of  formic  acid,  (an 

organic  acid  which  is  readily  eouvertud  lu  water  and  imrbonic  acid 

thj  oxklixiDg  agencies,)  a  knowa  weight  of  platinum-black  wrapped 

tiasne-paper  is  introduced  Into  the  belUglaiid  ;  when  the  evolution 

[of  carbonic  acid  immedintely  begins,  but  eeascit  again  in  a  few  rao- 

ttnents.    By  aaccrlaiuing  the  volume  of  gas  disengaged,  the  quantity 

of  ojtygen  condensed  by  the  platinum-black  can  be  measured. 

I     The  absorbing  property  of  plalinum  black  is  also  perceptible, 

lihoqgh  in  a  less  degree,  in  pUtinum  sponge,  and  even  in  sheet  pla- 

riinom.     Thus,  it  has  been  t>liown  (h~i),  that  on  throwing  a  pieco 

[of  platinam-Bponge  into  a  belt-glas}!  containing  a  detonating  mtx- 

[ture  of  oxygen  and  hydrogen,  an  explosion  immcdiattly  ensues:  ao 

tagain,   if  a   current  of  hydrogen   gas  bo   projected  on  ptatinom- 

I  epoDgo  exposed  to  the  air,  the  jet  of  hydrogen  ignites. 

Sheet-plalJnum  does  not  present  tbc«c  properties  at  the 
ordinary  temperature,  but  exhibits  them  when  heated  to 
about  !}I>fl°.  If  acoil  of  platinum  wire  (fig.  GOU)  be  placed 
over  the  wick  of  an  alcohol-lamp,  and  the  lamp  lighted  so 
as  to  heat  the  wire  to  redness,  the  wire  remains  iueati- 
descent  for  an  indefinite  length  of  time  after  the  flame  be- 
*■  nenth  has  been  extinguished,  hocaoao  the  vapour  of  alco- 

~lol,  dbengaged  from  the  wick,  burning  when  it  cornea  into  contact 
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•with  the  wire,  develops  heat  onoufili  to  keep  it  incartleseent.     The 

rAxperiment  preceedB  better  hy  adding  a  small  quftntitv  of  etlier  to 

'ViO  nlcohol;  and   the   little  apparatus   in  knowa  hy  the  natno  of 

l}av^'$  flatiicleu  lamp.     In  tlie  ?aine  vav,  if  n.  small  qiuntity  of 

«tlier  bo  placed  at  the  bottom  of  a  wincglaHH,  (fig.  607.)  and  a  coil 

of  platinom  wire,  which  hae  been  prenoualy  heated  to 

redneiM,  be  fastened  to  a  pantebnaTd  lid  which  oIosm 

partly  the  mouth  of  the  glass,  the  wire  remains  incUK 

descent  for  a  long  time.     In  these  experlnientB,  the 

vapours  of  alcohol  and  ether   are   only  imperfectly 

burned,  yielding,  aa  products  of  comhiistion,  volatile 

guhfttauces  of  highly  Bufl'oc&ting  properties  and  coo- 

Rg-  C07.      taining  an  organic  acid ;  all  of  which  ehall  hereafter  bo 

described. 

Deutoxide  of  nitrogen,  and  ammonia,  mixed  Tith  oxygen  gas,  are 
eoDvcrted,  by  contact  with  ptatinum-spcinge,  into  nitric  aotd,  nhile 
the  coTupoimdfl  of  uitrogen  and  oxygen,  on  the  contrary,  are  changed 
into  ammonia,  by  contact  with  the  sponge  in  an  atmosphere  of  hy- 
drogen, lu  oruer  to  succeed  in  the  experiment,  it  Ja  better  to 
heat  the  p]atiniim-(»poiige  to  a  temperature  of  HOD"  or  400°,  in  a 
glaM  tube  traversed  t>y  the  gaseooe  mixture. 

Platinum-sponge  losea  its  absorbing  property  after  some  time,  bat 
rcgaJna  it  by  being  heated  for  a  few  moments  in  nitric  acid,  and 
tJieu  uilcined  at  a  dull  rpcUheat.  I'latiunm-black,  which  also  losM 
its  acUvity  after  some  time,  is  reatored  to  its  former  state  by  beat* 
ing  it  wiln  nitric  acid,  washing  it  with  water,  and  drying  it  by  a 
gentle  heat. 


COMPOUNDS  OF  PLATINUM  WITH  OXYGEN. 

§  1170.  Platinum  does  not  combine  directly  with  oxygen,  except 
at  u  red-heat,  or  wLcn  assiated  by  the  caustic  alkzJies.  Two  oxides 
of  platinum  arc  known — 

The  protoxide  PtO, 

The  binoxide  PtO„ 
each  of  which  is  u  feeble  base,  forming  with  powerful  acids  a  scries 
of  salts  which  are  easily  decomposed  by  heat  and  le&Te  metallic 
platinum. 

Protojridi'-  of  vlatinum  PtO  Is  prepared  by  decomposing  the 
protochloride  PtCI  by  a  solution  of  caustic  potassa,  when  hydralcd 
protoxide  remains  in  the  form  of  a  black  powder,  which  di8;*olrcs 
with  a  brown  colour,  in  a  concentrated  solution  of  potassa.  When 
heated,  it  firat  gives  off  ItH  water,  antl  then  oxygen.     Hydrstcd 

Srotoxide  of  platinum  dixaolves  in  acids  and  yiel^  solutions  of  a 
cep  brown  colour,  which  aro  not  precipitated  by  Hal-acnmoniac. 
Sinoxide  of  platinum  PtO,  ia  obtained  by  adding  to  nitrate 
of  platinum  onc-lialf  of  the  potass  which  would  bo  necessary  to 
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completelir  decompose  the  salt,  vlien  a  vottuninouB  l>rowii  prpoipi- 

Ute  is  formed,  consisting  of  iiTdrat^d  binoxide  of  pUtinuu  PtO, 

•f  3H0.     If  a  larger  quantity  of  alkali  wcro  added,  the  precipitate 

voold  contain  potasea  in  combination.   But  this  oxide  is  more  easily 

prepared  \tj  adding  to  a  iMilutinn  of  porchioridc  I'lCl,  a  laive 

exeem  of  caaetio  potaesa,  wben  ut  first  a  yellow  precipitate  of  dooble 

diloride  of  platinum  iind  potiu'wium  ia  formed,  but  iigain  dissolves  if 

the  lii(ui4l  bo  beated.     The  pltitirjuui  tben  exists  in  the  solution  in 

the  state  of  platinatc  of  piitosau;  and  the  liquid  being  sup'Crisatu- 

1  br  aoetic  acid,  liyuruted  oxido  of  platiuum  is  precipitated. 

l^j^ut  byorato  parts  iritb,  its  water  at  a  moderate  heat  and  tumn  black, 

jirbile  it  loaes  its  oxygon  when  exposed  to  higher  a  temperature.     It 

'dittolvc*  in  the  acias,  and  yield>t  uningc-ydbw  solutions,  vrbilc  after 

'iCaldiuition  it  is  insoluble.     The  hydrate  also  dissolvee  very  readily 

aco&oontmtcd  solntion  of  caustic  potaesa,  and  tbo  liqmd  by  ovapo- 

l-ntion  deposits  crystula  of  plutiiiatc  of  putuasii.     Insoluble  pltitinale 

potaesn  is  also  obtained  by  mixing  the  double  chloride  of  plati- 

riium  and  potaasiuui  with  a  ooDccutrii.lcd  solutiou  of  potassa,  drying 

'  the  Kiibstanoe  and  hcnting  it  until  the  nllcnli  is  fused.     By  treating 

^it  wilJi  irutt;r  tho  ulkaliuu  salts  nrc  diasulvcd,  and  a  hronn  mass  of 

aato  of  potoBSA  rom^us,  which,  nhea  treated  with  acetic  acid, 

ftTM  hydrated  binoxide  of  pULiitum. 

Bt  aaims  ammonia  to  a  solution  of  sulpbato  of  pUtinunt,  a  brown 
precipitate- 1^  obtained,  which  ia  a  double  biiftic  Bait,  and  vrliich,  on 
F  Deioi;  diluted  fur  some  time  vitli  a  weak  Bolntion  of  caualio  soda, 
L^cliu  a  Bubatancc  of  detonating  properties  when  heated  to  about 
p410^,  Thia  fuliuinating  compound,  vrbieb,  huwever,  dues  not  de- 
loaatc  by  percussion,  is  regarded  as  a  compound  of  platinum  and 
I  mmmonia. 

8ALT8  FOBMEI*  BV  TEE  PBOTOXIDB  OP  rLATDOIM. 

§1171.  These  soJts  present  but  little  interest,  and  hnvc  hitherto 
been  but  little  studied.  They  form  browu  eolutiona  which  do  not 
crystaltiKC^  and  from  which  potassn  does  not  precipitate  them  when 
Btiuiciently  diluted,  while  the  alkultnc  carrbouutca  yieMabrowa  prc> 
cipitate,  which  remains  suspended  in  the  li(|uid.  Sulfhydric  acid 
ft&d  the  aulf  hydrates  throw  down  a  bluck  precipitate. 

The  protoxalate,  which  is  the  only  protoeaU  of  nlatinam  which 
[liaa  hitherto  been  obtamcd  in  a  crystalline  form,  ifl  prepared  b_y 
I  beating  the  hydrated  binoxide  of  platinum  with  a.  solution  of  oxalic 
'  ftod,  when  the  former  in  reduced  to  the  state  of  protoxide,  which 
[dissolves  in  the  excess  of  oxalic  acid,  while  carbonic  acid  is  diaen- 
|,^aged.  The  liquid,  vhen  evaporated,  deposits  the  protoxaJate  of 
platinum  in  small  coppery -red  needlea. 

BAITS  FORMED  OF  TITB  BINOXIDE  OF  PLATISUM. 
S 1172.  The  salts  of  the  binoxide  of  platinum  are  of  au  orange* 
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nilnrwloar,  and  caustic  potassa  throws  dovD  from  tb«ir  solutions  a 
[.brown  precipitate  of  the  platinate  of  potawn,  which  dissolves  in  tn 
exceed  of  caustic  potiuusi.  Sulfli/drtc  acid  and  the  alkaliiio  eulf- 
bydrales  jield  blaek  precipitates  which  diwolre  in  a  Ui-geexceM  of 
Bolf  hydrate.  All  the  saltd  are  decomposed  by  heat  and  leave  Ta«- 
tallic  platinum  ;  and  iron  a?  well  as  stinc  decomposes  their  notations 
Edpitatiug  metallic  pluttnam  in  the  foi-m  of  a  black  powder. 

ItnMb  of  potMsinm  nnd  clilor^ihjdrate  of  nmmonia  throw  down, 
from  solntions  of  saltji  of  thi>  binnxido  of  platinum  doable  cblorideii, 
PtCI,+  KCI,  PtC!,+NII,nOI,  iw  yellow  crystalline  precipitate^ 
irhirh  are  very  uligbtly  soluble  in  water,  and  nearly  insolable  in 
a  tDistnro  of  alcohol  and  water.  The  donblo  ammoniacal  chloride 
yieldn,  by  calcination,  platinum-sponge ;  while  the  drniblH  chloridd 
Tplatinum  and  polafloium  ip  dfcoraposed  by  heat  into  im'tallic  pla- 
im  and  cblorido  of  potnu'wlutn  ;  after  whJch  the  tiubstance,  by 
tTMtuient  with  water,  yields  pur«  platinum. 

Bichloride  of  platinum  is  the  solution  extensively  used  in  the 
laboratory,  and  presents  some  peculiar  reactiona  wmch  ahoold  be 
hei'e  noted.  Potaiisa  and  ammonia,  their  carbonates,  and,  in  gene- 
ral, all  the  ealte  of  pota^^a  and  ammonia,  precipitate  platinum  in 
•tin  Btste  of  double  chlorides,  white  Hoda.  and  the  salts  of  soda  yield 
ttajmcildtatcs. 

Sulphate  of  Btnoxide  of  Platinum, 

§  1173.  Th«  sulphate  of  binoxidc  of  platinum  ij  moec  easily  pr«- 

rjd  by  treating  tlie  sulphide  of  pluttuum  obtained  by  precipitating 
chloride  with  sulfhyurntc  of  nmmonin,  with  fuiuiDj:  nitric  acid, 
and  evaporating  the  solution  with  a  few  drops  of  Kulpuiiric  acid  to 
drive  off  the  Inst  particles  of  nitric  acid  ;  when  a  deep-brown  nuM 
remains  wliich  diftsolvcs  iu  water  with  a  brown  colour. 

Nitrate  of  Btnoxide  ef  Platinum. 

S  1174.  The  nitrate  of  binoxide  of  platinum  is  prcp»re<l  by  care- 
fully pouring  nitrato  of  eilver  into  n  solution  of  bichloride  of  pla^ 
tinam  until  a  precipitate  no  longer  fonna;  when  the  chlorine  is 
precipitated  in  the  ntate  of  chloride  of  silver,  while  the  solution 
oontauts  nitrate  of  platinum,  which  crygtallizca  with  difficulty.  The 
salt  may  also  be  obtained  by  dissolving  the  hydrated  binoxide  in 
nitric  acid. 


COMPOUSD  OF  PLATINUM  WITH  8CLPHCR. 

§  1175.  Platinum  combines  directly  with  sulphur,  when  the  metal  in 
avery  finely  divided  state  is  heated  to  rednpds  in  vapour  of  sulphur; 
but  a  purer  product  ia  obtained  by  heating  in  a  crucible  equal  parts 
of  ammoniacal  chloride  of  platinum  and  Rulphnr  until  the  chlorohy- 
drate  of  ammonia  nnd  the  sulphur  in  excess  are  reduced  to  vapour. 
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The  enlphide  thna  obtained  correflponds  to  the  protoride,  and  ap- 
pears u  ft  snj  and  rcry  brittle  maos. 

The  sulphide  of  platimim  corresponding  to  the  binoxide  can  only 
be  prcporcil  by  tlic  humid  wny.  and  in  obtnincii  by  paiuting  n  coirent 
of  sulfbydric  avid  giig  ihrou^di  »  Hcliitioii  of  llio  duub]<>  chloride  of 
plntiDum  and  Fodium.  Tliv  bisulphide  i?  a  aulplmeid  vrhicli  enters 
into  eoinbinalion  with  the  alkuline  sulphides. 

COMPOrSDS  OP  PLATINUM  WHIT  CBLOIUKE. 

%  1176.  Iiro  compounds  of  platinum  with  chlorine  arc  known, 
corresponding  to  the  two  oxides.  The  protochloride  PiCI  is  ob- 
tained by  heating  dried  bichloride  of  platinuin  IHCl,  in  an  oil-bath, 
emdnally  raided  to  ^*>2°,  and  maintained  at  this  temperature  as 
long  «9  any  chlorine  in  diRongnped.  The  hicMoride  thus  pnrts  with 
ball  its  chlorine  and  is  conTerted  into  a  deep-preen  powder,  which 
is  the  protoohlorido  nt'  platinum.  The  protoohlortde  ean  also  be 
obtained  in  the  form  of  a  greenish-gray  precipitate,  hy  passing  a 
cnrroot  of  aulphnrou!)  ncid  gus  thr»u>;h  a  Rolntion  nf  bichloride  of 
pUtinnm  whjcb  doc9  not  contain  an  exeeee  of  add:  sulphuric  and 
thiorohydric  aeids  are  formed  at  the  aame  time.  The  pnjtDchloride 
iainsolable  in  water,  but  dissolves  in  chlorohydric  aeid;  and  if  sal- 
ftmrnoniac  or  chloride  of  pctiissiuni  bo  added  to  this  solution,  no 
prceipitate  is  formed,  while,  by  evaporatinf;  the  lirjuid,  heantifol 
crjataU  of  double  chlorides,  of  which  the  fomiul.'e  are  Pt('I-|-KCl 
and  PtCH-NH,,HCI,  are  obtained. 

The  biehloridf  of  platinum  is  prppared  by  diHsolving  platinum  in 
squa  r(!gia,  evapuratin^  the  lii|uid  at  ft  moderate  heat  to  drive  off 
the  excess  of  acid,  and  then  treatinK  with  water.  The  solution  of 
the  bichluride.  which  is  of  a  etightlv-bi'ownijili  y^^How  colour,  be- 
comes deeper  when  it  contains  a  small  quantity  of  protochloridv  of 
pUliuum.  Bichloride  of  platinum  doe-s  not  crystallize,  but  remains 
after  evaporation  in  the  form  of  a  deliquegccnl  brown  moss,  readily 
soluble  in  alcohol.  It  combines  witli  a  great  number  of  metallic 
chlorides;  and  the  double  chlorides  of  platinum  with  pota^tjiium  ani] 
with  ammonia  present  peculiar  interest  m  chemical  analysis,  becauae 
they  arc  very  slightly  »olublo  in  water  and  insoluble  in  alcohol. 
These  compounds  have  already  hecu  mentioned  when  epeaking  of 
tha  determinaUon  of  potassium,  (§S27.)  If  the*  double  ohiondea 
be  dfauolred  in  a  large  quantity  of  hot  water,  and  the  liquid  allowed 
to  eraporate  spontaneoiuily,  they  crystalliic  in  well-defined,  regnlar 
octshedrona  of  an  orange-vellow  colour.  It  has  already  been  men- 
tioned that  their  forranh-B  are  l'tOI,-|-K01  and  PtCI,  +  NH,,UCl. 
Chloride  of  sodium  forms  an  analogous  double  chloride  with  chlorido 
of  platinum,  which  is,  contrary  to  the  corresponding  compuunda 
of  potasj^a  and  ammonia,  very  soluble  in  water,  and  even  in  alcohol; 
and  the  solutl'in  of  which  yields,  bv  craporation,  beautiful  yoUow 
crysulfl  of  the  formula  PlCl,+NaCi-fftHO. 
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If  one  of  these  double  alk&Une  chloridea  is  intimately  mixed  vitk 
2  or  S  tinien  its  wdighi  of  alkaline  ctiloride,  and  healed  slowly  id  & 
cnieihle.  metallic  plutiniim  is  eepurated  iu  the  shape  of  bnlliaat 
Ci7»ta11lno  Inmellie,  which  are  eaailj  isolated  bj  diMolving  the  alka- 
Hue  chloride  in  vater. 

§  1 1 77-  If  a  HolTitinn  nf  protochtoride  of  ptatinum,  <lis!iolved  in  an 
excess  of  chlorohydrio  acid,  be  gradaally  poured  into  caustic  am- 
monia, small  green  ncc<i!fM  of  thi;  fonnulii  I'tCl,NH,  a.ro  deposited, 
fcniiinp  a  siibatanue  called  (tmmoniacat  protochlcride  of  platinum ; 
the  simplest  way  nf  preparing  which  consists  in  pansing  a  carrent 
of  siiljiiiiirous  acid  gas  tliruugb  a  boiling  solutioQ  ef  bichloride 
of  plntintim  containing  an  excess  of  chlorohydrio  acid,  until  the 
liquid  no  luu^er  gives  a  [)rceipitate  with  sal-ammooiac ;  bj  which 
iacaoi  the  bichluridu  of  platinum  is  reduced  into  protochloride. 
AmmoDta  is  then  added,  and  the  eolutioH;,  on  cooling,  depoeitii  am- 
jnoniaeal  protochloride  of  platiimm,  which  is  rcmarkablo  for  iU 
greai  liability :  as  it  is  scarcely  acted  on  by  the  most  powerful 
acids,  and  ita  ammonia  can  be  driven  off  only  by  heating  it  for  a 
lone  time  with  these  acids. 

AtntnoniaeAl  protochloride  of  platinum  is  soluble  ia  n  hot  Boto- 
tion  of  sulphate  or  nitrate  of  ammonia,  and  deposits  Bmall  yellow 
crystalfl  nn  cooling,  which  appear  to  bo  an  iBomerlc  modifioation  of 
the  original  product.  The  combination  is  decomposed  at  a  tempera* 
ture  nf  ;j70'',  leaving  metallic  platinum. 

§  117H.  By  digesting  ammoniacal  protochloride  of  platinum  for 
some  time  in  a  concentrated  solution  of  ammonia,  there  reaulta  a 
y(-llowieh-white  compound,  which  dissolves  in  the  hot  liquid,  and  i« 
suhscijuently  deprisitctl,  on  cooling,  in  large  prismatic  crystals  of  the 
formula  I'tCliNjU^+lIO.  By  pouring  uitrate  of  silver  into  a  hot 
polutiou  of  tliw  substance,  the  li«inid  after  evaporation  yields  n  white 
crTBlflllized  salt,  of  which  the  formula  is  (PtO,N,lIg),NOj;  and  if 
SDQlbate  of  silver  he  substituted  for  the  nitrutc,  the  chlorine  is  etill 
praoipitatod  In  the  state  of  chloride  of  silver,  and  the  oTaporated 
liquid  depoeitA  a  second  cryatallizcd  salt,  of  which  the  formula  is 
(PtO,N,Il,),S0,.  The  compound  (PlO.N.lI,)  is,  therefore,  a  true 
case,  which  forms  crystullizuble  salts  with  the  acids,  and  which  may 
also  he  obtained  in  an  isolated  stale  by  adding  a  solution  of  hydrsU* 
of  baryta  to  the  solution  of  the  sulphate  (rtO,N,H,),SO,  until  a 
precipitate  no  longer  forms;  when  the  sulphuric  acid  is  precipitated 
iu  the  state  of  sulphate  of  baryta,  wbilc  the  liquid  Temaining  exerts 
a  powerful  alkaline  reaction  on  coloured  tests^  and  when  evaponttcd 
under  the  receiver  of  an  air-nump,  deposits  white  orystallino  needke 
of  the  formula  (l>tO,N,II,),I10.  This  base,  which  we  shall  oaU 
linamnuiniii'vxide  of  plutinnm,  comhinoit  directly  with  acids, 
even  with  carbonic,  and  ia  powerful  enough  to  expel  ammonia  from 
its  saline  compounds.  "^^ 


SALTS  or  plathtcu.  SIT 

Tha  foUowiog  fiompoTuds  hnro  been  obcainod  in  a  CTjstallix«d 
form: 

Hydr«t«d  biwo. (PtO.N,H,),HO. 

Solphato (PiO;N,U,j,SO,. 

KilmW CPtOJ3,H,),N0.. 

Neutral  curbonate (PtO,X,IIJ,C0,+nO. 

SM<iui«4rbonate 2(PtO,N,UJ,30O,+HO. 

Bicurbonite (PtO,N^I0.2CO,+HO. 

Chlorid* (Pt.CI,N.H,). 

Bromide (PtBr.N.H,). 

Iodide {pa,N,nj. 

§1179.  The  bftBc  (PtO.N.lI,)  at  110'  loses  by  hent  one  equira- 
It  of  water  and  one  of  ammonia,  boing  converted  into  a  new  oom- 
Dund,  insolnble  in  water,  of  which  the  formula  is  (I'tO,NK,).  This 
nbstanee,  wbicti  we   ahull   call  protammania-oxide  of  platmum, 
baflic  properties  in  a  high  dugrec,  as  it  combines  directly 
rith  tb«  acida,  and  yields  the  following  series  of  products : 

Anbydroua  base (PtO,NU,). 

Kitralc (PtO,Nll.),NO,. 

Sulphato (PtO,NlI,),SO,+HO. 

Chloride  (isomeric  with  ammonia- 
cal  protochloride  of  platinum)...  (PtCI.NH,). 

Iodide (Ptr,NHJ. 

Cyanide (PtCy,NUO. 

Its  of  the  protAinmoitia-oxide  of  platinum  arc  readily  con- 
into  those  of  iLe  binammonia-oxide  of  platinumt  by  dia- 
ls them  in  an  excess  of  caustic  ammonia,  when  they  take  up 
1  equT.  of  amuiouia  and  reproduce  the  eahs  of  the  binammonio- 
oxtdc  of  [ilutinum.  Ri'cipincally,  salts  of  the  binammonia^ixide  of 
platiouin  urv  easily  converted  by  heat  in  those  of  the  protammo- 
nia-oxide  of  platinum  by  losing  1  equiv.  of  aromonia. 

$  1180.  The  two  series  of  salts  just  described  arc  not  the  only 
ooes  which  have  been  obtained  by  means  of  the  ammonincal  proto- 
chloride of  platinnm.  If  the  chloride  (PtCI,N,HJ  of  the  binammo- 
dU  platinic  series  be  boiled  with  weak  nitric  acid,  reddish  i*apourB 
are  diaenzafrcd,  and,  on  cooling,  a  RubRtancc  b  deposited  of  the 
fonnala  (PtCI,NJf«]0,NO.,  which  may  be  regarded  as  the  nitrate 
of  a  third  hate  rcprfsenipd  by  the  formola  (PtCl,N  H,)0. 

If  aminoniacal  protochloride  of  platinum  be  boileu  with  a  large 
ezcBH  of  nitric  acid  a  lic|uid  is  obtained  which  dcpositB  RaooeHsively, 
by  eraporatioD,  two  cryptallizuble  compoiinda,  tne  formula  of  the 
first  of  which  i»  {PtC]Oj,N,UJ,2N0„  which  forms  amall  brilliant 
needles,  vei^  sUghtly  soluble  in  water,  and  deQagratiog  when 


848 


fLATISrM. 


bested.     This  eoni|K>nT)(l  conUins  n.fi>urik  hate,  of  which  the  verr 
complpx  formula  is  (PtClO^^H.,).     This  haac  hna  been  obtainea] 
in  eombinntioD  nith  carbonic,  oxalic,  phosphoric,  nnd  chromic  acids^ ' 
ruTmiug  snlta  which  crj'tftullizc-  readily,  bccuuttti  tlcy  arc  rcry  slightly 
soluble  in  wutcr. 

Tiie  forinnla  of  the  second  compouail,  which  rcmainB  iu  tlic  mother  . 
liquid,  is  (I'tClaO,.NJi,,'i.2NO.,  and  it  may  b«  considered  as  the  m-] 
truto  of  ajifth  hose  (l'tCUO.,N.H..). 

COMPOUND  OP  PLATLSCM  WITH  CTANOOKS. 

§  llKl.  Byheatiugan  intimate  mixture}  of  fijiely  divided  platinum 
anil  ffrrocyanido  of  iintassium  to  n  dull  rcd-hcat  m  an  earthen  cru- 
eiblt',  and  then  treating  tlit'  mass,  when  cooU'd,  vtJlh  water,  a  =oluttoa 
is  obtained,  which  tiret  deposits  crrstalfl  t>f  uiidccompOBC<)  fftrrocx-i 
anidc  of  poUuMium,  but  which  jielu*,  after  additiunal  ovapofRtioiii  ■ 
a  double  evatiidc  of  platinum  and  potasjiiuTn.    This  eubstattco,  after 
Jning  purified  by  a  BBCond  crystalliiation.  appears  in  the  fonn  ol' 
Mtntifttl  crystals  of  the  formula  KCy+l'tCy-f  yJlO.    Ila  eolutionlii 
precipitatA  a  great  number  of  metallic  salt^,  iu  which  prccipitatcH-j 
tho  potaswum  of  tho  preceding  compound  is  replitcod  by  1  oquir,^ 
of  tlic  metal,  of  which  the  ealt  effccta  the  preuipittitiou. 

DETERSnNATtON  OF  PLATISUM.  AND  ITS  SEPAKATION  FEOM  THE 
MKTALS  PIIUVIOUSLV  UKSCBIMU. 

§  11S2.  Platinam  is  determined  ta  the  metallic  state,  or  in  that  i 
of  dried  double  ammoninoal  chloride.     When  pUiinum  exists  in  & 
liquid  in  the  state  of  bichloride,  tho  liquid  is  conecntrated  by  eva- 
poration, and  twicR  its  Toliime  of  alcohol  is  added,  after  which  ch]<K 
rohydrale  of  ammonia  ig  poured  into  the  solution,  to  completely! 
precipitate  the  platinum  In  the  state  of  double  chloride  of  platinuidj 
and  ammonia.     The  prcdptlato  is  washed  with  alcohol,  and  drieii 
under  the  receiver  of  an  atr^piimp ;  and  the  weight  of  the  platinumj 
is  subtracted  from  that  of  the  double  chloride,  which  i-ontains  44,28' 
por  cont.  of  metallic  platinum.     The  double  aramoniacal  chloride' 
may  also  be  calcined  in  a  covered  crucible,  when  sabammoniac  it 
disengaged,  while  metallic  platinum  remains,  which  is  voighed. 
But  tlie  docompusil  iou  by  heat  reqairea  great  care,  bocanso  it  ti' 
difficult  from  preventing  some  particles  of  platinum  from  beintf] 
carried  off  by  the  vapours  which  are  disengaged,     Platinum  may-i 
also  be  precipitated  in  the  state  of  double  chloride  of  platinum  and 
potassium,  by  using  the  same  precautions  as  In  the  precipilaiinn  by 
sal-ammoniao ;  and  by  decomposing  the  double  pota^aic  chloride 
by  heat,  there  la  less  fear  of  the  platinum  being  carried  off  by  tho 
goAcs;  but  as  the  platinum  remains  raised  with  chloride  of  potas-'j 
siuni,  the  residue  must  be  washed  several  times  to  dissolve  tho  B]k»^J 
line  chloride.  *1 

§  1183.  In  order  to  separate  platinum  from  the  metals  previottsly 


ESTBACTIOK  OF  rLATCOTH. 

scribed,  either  the  iDsoliibility  of  metallic  platiuum  Iii  all  acids 
'  except  nquA  r«^a  and  acid  tnixturoi)  which  can  cvolro  clitoriuc,  or 
'  tlie  precipitatioD  of  platinura  by  sulfli^idric  acid,  even  in  ncid  tii|uid8, 
'  or,  laatly,  its  cnmplote  precipitation  by  chloride  of  potassium  or  chlo- 
Irohydrate  of  amiDotiia,  ia  relied  on.  It  is,  however,  ImportaDt  to 
[obMnro  tbnt  platinuni,  whoa  alloyed  with  a  ooniiiderable  quantity 
|«f  nielal  Koluhle  in  nitric  acid,  la  itself  dieeolvcd  il  the  acid;  »o 
['that  only  i»alated  pkiinum  can  be  couaidered  as  insoluble  in  nitric 


EXTBACTIOS  OP  PLATWPM. 

^8^.  Platinam  occurs  in  the  native  state  in  atluvial  sands,  re- 

.^  those  in  wMeh  poM  is  found,  geticraily  in  open  valleys  or 

jnud  Hrpentiuo  rocliB.     The  principal  luculitics  orplatinmu  are  in 

Colombia,  Urazil,  and  the  Ural  Mountains  in  Siberia,    ft  generally 

eeura  lu  entail  grains,  alth'^ugb  pieces  weighing  10  kilogs.  have 

pn  met  with.      The  platiniferous  sands,  by  washing,  ultiiuaU'lj 

^icld  a  eond  rich  in  platinum,  but  of  a  very  complicated  compoei- 

'too ;  a»  it  contains,  m  addition  to  the  platinum,  the  melals  which 

DQBtantlT  accompany  it,  namely,  osmium,  iridium,  palladium,  rho- 

'3iiuD,  and  nithcnium  ;  and,  moreover,  gold,  silver,  iron,  and  copper ; 

ftttd  hiatly,  many  boavy  minerals,  such  as  magnetic  oxide  of  iron, 

titanic  iron,  chromaic  of  iron,  pyritefi,  elc. 

When  the  platiniferous  sand  ontftins  any  considornhle  qnantitj 
of  gold,  this  metal  ia  first  extracted  by  amalgamaiioo  ;  when  tbo  ore, 
mft«r  being  purified  a.4  tniioh  n^  pusaiblc  by  mcchanictil  means,  is 
acted  un,  in  glass  balloons  heated  in  a  sand-bath,  by  aqua  regia  coQ- 
taining  an  cxeeHS  of  cfalorohydric  acid,  n  small  (juantity  of  water 
bi'iug  added,  so  that  as  little  iridium  as  possible,  which  would  render 
the  platinum  britlle,  may  be  dissolved.  The  aijua  regia  is  renewed 
SOTcral  times  until  the  platiimm  it)  comgdetely  dissoived ;  and  the 
operation  muHt  be  effected  in  a  chimney  which  dran?  well,  in  order 
to  cnrry  off  the  vapours  which  are  disengaged,  luid  which  aro  ron- 
dereil  injurious  by  the  presence  of  osinic  aciu.  The  solution  of  pla^- 
tinnin  ia  decanted,  after  Laving  been  allowed  to  become  clenr  by 
rest,  and  a  concentrated  solution  of  sat-umuiumac  ia  added,  which 
precipJEales  tbi>  ptatiiium  aluiobt  entirely  in  the  Mate  of  double  chlo- 
ride »f  piniinum  and  uiumonia.  A»  tliL-  mother  liijuid  still  contains 
some  platinum  and  ^tum  quantity  of  foreign  metali4,  (he  latter  arc 
precipitated  by  blades  of  iron  aud  sine,  while  a  black  deposit  ia  oh' 
tained,  from  wliich  a  ccrtatii  quantity  of  platinum  may  he  extracted. 
For  this  purpoie,  the  deposit  is  first  treated  inth  chlorohydric  ncid, 
which  dissolves  the  foreign  uietitls,  and  the  reaidne  is  then  acted  on 
by  very  weak  aqna  rogiu,  which  readily  dissolves  the  dividtnl  platj- 
Qotn,  without  sensibly  affeciing  the  iriuium;  when  Hal-ammomac  is 
aildcd,  which  preeipitstes  the  double  chloride  of  platinum  aud  am- 

monia. 

Vot.  n.— 3B 
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The  doulile  chloride  of  pUttnum  lund  ammonia  is  cnlciocd  at  ^, 
(lull  rcd-hcat,  and  the  platmum-Bpong*  ■which  is  thus  obuincd  is ' 
pulvcriicil  by  LujhI,  anil  then  diluiouwith  water  ao  as  to  funn  ■, 
tiomogcnoous  mud,  which  is  ptwscd  over  n.  sieve,  the  grosser  particles ' 
rcmuiultig  on,  vhicb  arc  again  pulvcrlzei].  The  workman  must  oh* 
Bcrve  the  crentost  clonnlino&R  in  the  vnrions  aperations,  as  the  pro-^ 
Bcucc  of  (lust,  or  eveu  a  single  hair  in  the  mud,  will  give  rise 
BerioTifi  defects  in  the  forged  platinuna.  The  powdered  plaliniim  isj 
therefore,  general!;^  washed  severaJ  times,  iu  order  to  rcmOTC  al 
the  AuH. 

The  platinum  paste  is  introduced  into  an  apparatus  reaembliiutj 
that  of  fig.  fJO.'j,  only  larger,  care  being  taken  that  no  hnbhles  or] 
air  are  inclosed,     ihe  suDstonce  is  first  compressed  with  a  woodei 
pcKtlf,  then  with  a  metallic  piston;  when  the  water  peparatea 
the  platinum,  while  the  latter  becomes  more  solid  ;  and  the  pre 
is  tcrrainntcid  by  compreeaing  it  with  great  force.     The  plattnt 
disc  it)  then  heated  to  whiteness  in  an  earthen  crucible,  placed 
an  anvil  and  Btruck  with  a  heavy  hammer,  after  which  it  is  as 
heated  to  whiteness  before  being  forged. 


OSMIUM. 

EquiVALErfT  =  90.G  {1246.9;  0=100). 

§  1185.  Osmium,  prepared  by  calcimng  the  double  chloride 
osmium  and  ammonia,  is  of  a  uictallic-gray  colour,  resembling  pli 
tinum,  while,  when  it  lifti«  been  rcducca  by  the  humid  way,  it  one 
ehowft  a  bluish  fringe.     The  metal  is  sufSciL'utly  malleable  to  allui 
of  its  being  rolled  mto  plates  or  iiheetH,  although  it  is  reduced 
powder  by  percussion.     Osminm  neither  fuses  nor  rolatiliccs  in 
force-five,  and  its  density  is  about  10.     The  metal  combines  rcadtll 
with  oxygen  ;  and  when  it  has  been  reduced  by  the  humid  way,  _ 
rapidly  absorbs  the  oxj^en  of  the  air,  especially  when  assiale^l  Lj 
water,  and  is  converted  into  osmic  acid ;  atid  wlien  heated  in  o.\yg(.-i 
at  a  low  temperature,  it  Ignites  and  Is  converted  into  osmic  acit' 
which  sublimes.     Concentrated  nitric  acid  acta  readily  on  it  »dC 
disongagca  copious  reddish  vapours,  producing  soluble  osmic  acic 
which  product  is  also  obtained  by  the  action  of  xqua  reria  on  th 
mota).     The  caustic  alkalies  and  alkaline  nitrates  attack  it  at  a  rvd^ 
heat,  the  osmie  iieid  L'oiubiiung  with  the  alkalies.    Powdered  osnut 
heated  on  a  bladf  of  platinum,  in  the  Ilame  of  an  alcoboldamp^i 
engages  vapours  of  osmic  aeid,  the  characteristic  penetrating  odoii 
of  which  evinces  the  presence  of  very  eniull  (quantities  of  oamiutu. 


C0MP0CKD3   OF   OSUIVM. 
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C0MP0DND8  OP  OSMIUM  WITH  OXYGKN. 

Osminm  forms  s  \axge  number  of  compounds  with  oxjgto, 
ive  of  which  are  knovn,  and  are 

The  protoxide OsO. 

*'    BCBquioxide Ofi,0,. 

"    hinoxidc OsO,. 

"    osmious  acid OsO^ 

"    o«inic  scid OsO^. 

The  two  acid  compounds  &re  the  most  important,  and  the  best  na- 
Ideretood. 

Protoxide  of  osmittm  OaO  is  jprcparcd  by  pouring  potasaa  into 
Im  Bolution  of  the  douMc  protocnlondc  of  osmium  and  potasaiom, 
rvhen  a  deep-green  precipitate  is  formed,  vhich  dissolves  with  a 
l^reen  colour  in  acid»,  and  which  is  cnsiiy  reduced  to  the  motalUo 
aM  hy  dcoxidiiuDg  agencies. 

Sfi^uioxide  of  oemt'iim   Osfi^  is  obtained  by  m&intitiuiti^,  for 

^Somc  time,  at  a  temperature  of  122*^,  a  mixture  of  osmic  uoid  and 

SDimonis,  when  a  precipitate  i»  formed  which  is  a  compound  of  the 

SMOobzide  of  ostninm  and  ammonia,  and  which  dissolvca  in  acids, 

proanoitig  yellow  solutions  which  do  not  crystalliie. 

If  chlorine  be  passed  over  a  mixture  of  divided  osmiuio  and 
chloride  of  potaasinm,  gently  heated  in  a  gliiss  tube,  a  double  cUo- 
TJdo  is  obtained,  of  which  the  formula  is  ObCI  +KC1,  and  which 
wbeD  treated  while  hot  by  a  solution  of  carbonate  of  potassa^ 
jMld*  a  black  precipitate  of  hinoride  of  osmium  OaO^ 

Otmic  aeid  OaO,  is  formed  in  many  ways : — 1.  By  the  roasting 

>f  oHmium  in  tho  air,  or  bettor  still,  in  iin  ntmosphi?re  of  oxygen ; 

".  By  acting  on  osmium  by  nitric  acid  ;  3.  By  healing  to  rcdnoaB 

ictallie  osmium  witli  nitrate  of  pota^iia.,  und  decomposing  the  OB- 

Fsuatc  of  potassa  by  an  acid. 

Osmic  acid  in  a  white  mibstance,  which  crystalliepn  in  hriltiant 
and  exhalcB  a  rory  penetrating  odour  rceemhling  that  of 
loride  of  Bulphnr;  and  as  its  \-apoiir  excites  coughing  and  irri- 
[tetM  the  eyes  and  skin,  the  eubelancc  should  be  nvoidcd  with  great 
[<csre.  Osmic  acid  liciuifirs  at  ft  temperature  below  21U°,  and  noils 
r^low  a  red-heat.  It  is  ver}'  soluble  in  water,  ollhouch  the  Hub- 
Lfimed  acid  requires  a  long  time  for  solution;  and  it  aJno  dissolves 
Hugely  in  alcohol  and  in  ether,  but  after  some  time  ia  reduced  by 
(titesc  liquids,  especially  under  the  influence  of  polar  light.  It  la 
Ivesdily  deeompoBcd  by  deoxidizing  agencies,  and  by  the  majority 
[of  organic  subatanoca :  it  stains  the  skin  and  linen  Mad.  Iron, 
[■io<%  tin,  copper,  &e.  precipitate  metallic  ogmium  from  its  solutions. 
Osmic  acid  is  a  weafc  acid,  which  doM  not  directly  redden  tho 
[tjnctnrc  nf  litmus,  and  does  not  decompose  the  carbonates,  hut 
irliich  combines  with  the  alkaties,  althongb  tho  resulting  compounds 
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are  not  vory  fixed,  ob  solutiotu  of  the  ailkii.linc  osmiatce  (liecngftge, 
when  Wilfu,  viipours  of  osmlc  acid. 

Oximvut   acid  OsO,  only  exists    in  cnmbination  with   nlkaliiie 
bua(»,  aritl  by  caduavouiing  to  iaolate  it,  It  is  decomposed  into  MaatjMt 
aciil  tiiiil  binoxide  of  osniinin.  ^M 

OsmiCC  of  potassa  is  obtained  lij  pouriuj;  a  few  drops  of  alcohol 
into  a  soluiioiL  ofosmiate  of  potaARa,  when  the  salt  in  deposited  asft 
rosc-colourcil  crystalline  powder,  in  which  case  the  osiiuc  acid  im- 
partB  R  portion  of  its  oxygen  to  the  alcnhol.  Largo  crystals  of  os* 
mitfl  of  pntastia  are  ohtaijied  l)y  allowing  a  solution  which  containg, 
at  the  same  time,  oemiato  and  nitrito  of  potasAa  to  rest ;  when  tl 
osmic  is  slowly  dccoiuposod  by  the  uitrouB  actd,  causing  baautif 
crystals  of  OHinitc  of  potassa  to  ho  deposited. 

Osmite  of  Boda.  whicli  i»  prepared  in  the  same  way,  and  yieV 
roA^colourcd  eotutiotu,  crptallizvs  with  much  diffictdty,  because 
is  more  eoluhli'. 

No  osmite  of  ammonia  is  known,  and  ftmmonia  immediately 
duces  iho  solutions  of  osmite  of  potacisa  and  osmito  of  Bod&. 

W(*  shsU  not  treat  of  the  salts  formed  by  the  oxides  of 
vitli  acidtf,  as  tlicy  arc,  ae  yet,  but  little  unucrstoud. 

rOMPOPKDS  OP  OSMIUM  WITH  rHLOEIXE. 

§1187.  If  oRrainm  lo  hcntcd  in  a  current  of  chlorine,  two  chl 
rides  are  prrxlnced:  ii  bichlorido  OsCl,  and  a.  protochhiride  Ob' 
th«  latter,  which  is  the  more  volatile,  condensing  in  the  most  re- 
mote portions  of  the  tube.  It  is  an  orange-coioured,  very  fusible 
and  drli<iiieBccnt  mibatancc,  while  the  protochloride  is  of  a  beautiful 
^een,  and  iw  solution  in  water  soon  deeoniposes,  chlorohvdrio  and- 
oemic  acids  being  formed,  while  metallic  osmium  is  precipitated. 


EXTRACTION  OP  OSMIUM. 

§11BS.  Osmium  always  accompanies  platinum-ore,  bat  exists  in 
it  chiefly  in  combination  with  ii-idiiim,  forming  compounds  of  very 
variable  proportions,  called  iridosmiums.  Iridosmium  ie  found  in 
small,  gray,  very  dense  spangles,  sometinieB  presenting  the  form 
of  lamellK  with  six  facetid  of  th«  rhuinbohvdric  syHtcro.  Being 
acted  on  with  difficnlty  by  aqua  regia,  it  nimalna  in  the  residue  after 
the  treatment  of  platiimm-oroH.  Omnium  and  iridium  are  prepared 
by  heating  in  an  earthen  crucible,  for  an  hour,  at  a  strong  rcd-hcat, 
100  parts  uf  imlverized  iridoHmium  uud  uOU  partJi  of  uitro,  when 
osmtato  and  iridiate  «f  potiis-sa  am  formed.  The  fused  miitcrinl 
hein^rnn  on  a  colil  metallic  plate,  is  then  broken  to  pieces,  and  iutro- 
duced  into  a  tubulated  retort,  with  u  large  cxce»s  of  nitric  ncid,  a 
welUcooled  receiver  bclii^  fitted  to  the  retort  as  goon  att  heat  is  ap- 

Slied.    A  cTCftt  proportion  of  the  osmic  ncid  voIatiUies,  and  eon- 
enses  on  the  ("ides  of  the  receiver,  in  the  form  of  beautiful  white 
crystals,  -ftliich  «ie  eubsequontly  dissolved  in  a  concentrated  solu- 
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tion  of  potBSSi,  from  which  nil  ihc  oftniuni  U  art«rward  precipitated 
liv  nleoliul,  in  the  sUte  of  oimite  of  pota^^sa,  wlucb  stLit  U  lucd  in 
preparing  motn-ltie  osmiam  and  nil  its  prcHlnnU. 

nlieii  tbe  sulmtances  heated  iu  the  retorl  no  longer  diaengugr 

wmic  acid,  water  in  added,  and  the  iiiHoliiltle  residue  being  cotli%tcd 

on  a  filter,  then  contuna  a  certain  (quantity  of  o^tide  of  oj^uilum  and 

8  large  quaatity  of  oxido  of  irirlium.     It  i.i  boiled  with  aqun  regtn, 

wbicb  diAsolres  the  osmium  and  iridium  in  the  et&te  of  ehloriaev, 

aftiT  which  »al-ammo»iac  is  poured  into  the  solution,  when  the  douhle 

chloride  of  osmium  and  annnonin  'm  precipitated,  topother  with  the 

jrrcsp'Midinj;  compound  of  iri<lium  and  ammonia  IrC!,+  N!I,HCI. 

Che  dtiuhlti  ehluridos  are  sunpeudod  in  wu.tLT  uiid  suhjoetcd  to  the 

tion  of  a  current  of  sulphurous  ueid,  when  the  double  chlundo  of 

ridiuu)  IrCl,+M'U,UCl  is  traiiBfuniiud  iiito  thu  double  chloride 

VCl+NHjHCl  which  diasohc*,  -while  the  double  chloride  of  ojsmium 

bmaios  unchanged  and  i»  nrecipllateil.     The  latter  jichU  metallic 

iMmiain  hy  oalciuation,  while  the  solution  which  contains  the  double 

iiloride  of  iriilium  and  ammonia  clopof^ils,  by  evaporation,  beaDtiful 

own  crystals,  which  yield  iridium  when  calcinca. 


IRIDIUM. 

Eqcitalest  =  99.0  (1237.6}  0  =  100). 

S  1189.  Iridium  prepared  by  the  caldnation  of  the  double  ammo- 
liacal  chloride  (§  1188]  presents  thti  appearance  of  a  gray  spongy 
reBombliiij»  platinum.      Iridlttui  13  difficult  to  solder,   and 
jtlierto  has  not  bc;en  obtained  in  a  matleuble  Btato;  wliilo  it  is 
more  difficult  uf  fusiuu  than  plutinuni.     Tht  metal  is  obtaiued 
compact  maaa,  very  hard,  and  capable  of  a  Jinu  polish  byuioia- 
_  powdered  iridium  with  water,  coinprcssiug  it,  at  first  allghtly 
rem  tieeue-paper,  and  then  powerfully  by  mcana  of  a  pre^  and 
Icining  it  at  a  strong  white-beat  in  a  furcc-£re.     The  metal  tbos 
rtained  ia  very  porous,  and  its  specificj^ra^nty  docanot  exceed  16.0, 
rliile  the  density  of  compact  indium  is  probably  equal  to  that  of 
'platinum  ;  aa  a  native  alloy  of  iridium  and  platinum  is  found,  con- 
taining '20  per  cent,  of  platinuni,  and  cryFitnllixed  in  re;;ular  octohe- 
droDO,  the  dcuMty  of  which  is  22.3.     Nitriu  acid  and  even  aaua 
reffia  do  not  attack  iridium  when  i&olatcd,  although  aqua  re^ia  aia- 
■olvea  it  when  alloyed  with  pUtinam  or  other  metals.     Tleated  to 
redness  irith  potaesa  or  nitro,  iridium  oxidizes,  and  iridiato  of 
poUaaa  ia  formed.     It  ia  attacked  by  chlorine  at  a  red-bcut  and  in 
tb«  prosenco  of  chlorido  of  pota^ium,  a  double  chloride  of  irtdltun 
and  potosaiom  bvinz  formed. 
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COHPOTODS  OP   IRIDIUM  WITH  OXYGEN. 
§  1190.  Four  cotnpQDiids  of  iridium  with  oxygea  are  known : 

Th(>proUixide Ir,0. 

"  Reacjuioxide ^fir 

"  binoxide IrO^ 

'*  trinoxido IrO^ 

The  protoxidf  of  iridium  isobtainpd  fcy  precipitatine  by  an  all 

line  carbonate  the  double  protochloridc  of  iridium  sna  potOMin 

wlien  a  greenU1i''gr&y  prectpimte  h  fonued  wbich  dissolves  iu  tcv 

'  yielding  crooo  solutions.    The  oxide  is  undecomponble  ]>y  ho 

rinit  is  etuuiy  reduced  by  lijdrogen  at  a  red-heat. 

Sftquioride  ef  iridium  is  formed  when  iridium  is  nttnclied  by  t 
&|]calio8  OT  alkaline  mctalB,  and  appears  as  u  black  ]jowder,  in 
luble  in  acids,  but  combining  with  the  alkalies,  prodncine  bra 
solutions.     Heat  restores  this  oxide  to  the  stAle  ol  protoxide,    i 

If  the  sesqnioxide  be  dinsolved  in  a  nolution  of  potassa,  and  i 
liquid  bo  aflerward  saturated  by  an  actd,  a  precipitate  ta  thro 
down,  which  turns  bliie  bv  iibsorbinff  the  oxygen  of  the  air,  and 
last  lusumc?  an  indif;o  colour,  vfhen  it  has  passed  into  the  state 
bydrated  binoxide  of  iridium  IrO„+2HO.  The  binoxide  may  a 
be  obtained  by  pouring  putaasa  into  a  solution  of  eeaquichlondo 
iridium,  when  no  prt-cipitato  is  formed  at  first,  while  the  liquid, 
boinp  expoaed  to  the  air,  depoRits  ultimately  a  deep-blue  prccipita 

La.stly,  when  the  trichloride  nf  iridium   IrCl,  ia  precipitated 
an  alkiili,  tliero  results  a  grecni-ih-ynllow  precipitate  of  trinoxide 
iridium  IrO,,  which,  however,  i«  always  combined  with  a  ccrb 
quantity  of  alkali. 

If  an  oxide  of  iridium  be  digested  with  a  solution  of  fonnio  » 
until  carbonic  acid  ia  no  longer  diactigagcd,  a  very  finely  divu 
black  powder«f  iridium  is  obtained,  wliicli  exerts  a  powerful  abao 
one  action  on  gaaes,  and  causes  the  ignition  of  an  explosive  mizti 
of  liydrogeii  and  oxygen.  ^ 

COMrOUNliS  Ol'  IRIDIUM  WITH  CHLORIKE. 

§  1191.  Four  eliloridea  of  iridium,  corresponding  to  the  f< 
oxides,  are  known. 

Protochhrt'de  of  iridium,  which  is  ublaJned  by  heating  to  a  di 
red  very  finely  dirided  iridium  in  n  current  of  chlRrinc,  combt] 
with  the  alkaline  clilorideH  and  with  cJdorohydrate  of  ammon 
yielding  products  which  readily  crystallize.  Iridium  is  acted 
more  powerfully  by  chlorine  when  preTiou-fly  mixed  with  cblor 
of  potassium. 

ocatfuicMoride  «f  iridium  Ir,OI,  la  prepared  by  dimolving  i 
ecuQuioxidc  in  eblorohydric  acid,  and  appears  as  a  hard,  uncryat 
lizablc,  and  dditj^ucscent   substance,  which   forms  soluble  tU)u 


coxroi'jriMi  or  niDiric.  J|B 

dloridcA  with  Ui«  alkaliBo  chloride  a&d  with  dtkir«lijijnl<-  of 
imnionU.  Wlien  wlutioiu  of  tbeae  doable  cUoridm  mrt  boflvd, 
tb{Ti]epo«it  very  filichily  f;olnbIe  doable  eUoridea,  which  cobUia 
biculoridc  of  triuiam  IrCl„  while  corresponding  double  ooraponidi, 
MnUining  protochloride  of  iridiuni  IrCl,  remain  in  the  liqaid.  Sol- 
phuniua  acid  coorcits  them  into  duublc  chlm-tdcs  contaiaiog  the 
pntoohloride. 

Bichloride  cf  iridium  la  formed  when  Bntly  dhrided  triditun  or 
itt  oxides  are  dissolved  in  aqira  rpgia  and  heated  to  the  botline 
f«at,  when  Bolations  of  a  reddish -jellow  ooloor  arc  obtdned.  u 
dilaride  of  potassiium  be  prinred  into  the  liqaid,  a  doable  chloride  ia  i 
ftbUiiiMi,  the  nolutioB  of  which  is  red  and  deposit*  octohedric  crra- 
talR,  which  arc  of  snch  an  intense  red  colour  as  to  he  nearly  bfatelc, 
udthe  fonnnia  of  which  is  IrC1,+  KCl  +  H0.  The  ammoniacal 
tdchlonde  of  iridium  ia  very  slightly  mlablc  in  cold  water,  Imt'l 
foma  with  boiling  water  a  Bolmion  which  on  c<>oling  dopMitn  oeto* 
Wral  crystftls  of  a  decp-rcd  colour.  The  colouring  power  of  this 
coiii|>oiind  18  Tery  great,  m  1  part  will  sensiblv  colour  40,000  parts 
<f  water;  and  it  b  a  Email  qnantity  of  this  double  chloride  which 
«Aen  gives  a  red  hue  to  the  doable  chloride  of  platiuatn  ami  am- 
motiis. 

Snlphuroos  acid  conrerls  these  doable  ootnpoonds  into  soluble 
doable  chloridM,  containing  proloddoride  of  iridium  IrCI,  aod 
■liieh  are  mach  more  sohible,  (J  1188.) 

Lutly,  if  ao  oxide  or  chloride  of  iridium  be  treated  with  concen- 
iTited  liqua  regia  not  exceeding  the  temperature  of  110°  or  120*, 
a  deep-brown  §')lntion  in  obtained,  which  contains  tritkUride  ef  in- 
dium  IrCl,.  Thin  chloride  does  not  crystallize,  but  aUo  forma 
double  chlorides  with  the  nlknline  chlorides. 

Th«  solutions  of  iridium  ami  its  different  oxides  ore  rariously  co- 
K>arcd,  from  which  property  the  name  of  iridium  has  been  deriTcd. 

COMPOrNI'8  OF  IBIDIUSt  WITH  SL'LPHUB. 

1 1192.  Iridium  combines  directly  with  sulphur  whca  the  6nely 

I  ^iridcd  metal  ta  heated  in  a  current  of  vapour  of  sulphur,  but  it  is 

l^iflinilt  to  thus  obtain  a  perfect  sulphurutiou  of  the  ini-ttil.    If  itulf. 

■Jk'dric  acid  gas  be  pitMcd  through  solutions  of  the  vanniis  chloridtH 

'f  iridium,  brown  precipitates  are  obtained  whi(.'h  arc  eulpbidea  cor- 

*"<*sponding  to  the  chlorides.    The  roost  Bulphurottfd  compounds  act 

[_^He  part  of  sulpliacids  with  regard  to  the  alkaline  Bulpbides.     The 

titv  of  iridium  for  sulphur  is  somotimee  applied  to  the  propara- 

t>oa  of  Iho  mctsl,  iridosmium  being  fused  with  a  mi.tture  of  carbon- 

'  ^te  of  soda  and  sulphur,  when  the  material  ia  ucted  on,  and  milpli- 

'**l<6  of  iridium  and  o.imiiim  arc  formed,  which  are  efiportted  by 

^ftesaa  of  water.     The  sulphides  are  onsily  attacked  by  cblorinc, 

*<id  Ti«ld  ohlori<le6  which  are  isolated  bv  the  procetSM  detailed  in 

Silk 
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PALLADIUM. 
Equn-ALENT  =  58.3  (665.2;  0  =  100). 

§  llfl?.    Palladium  is  a  brilliiint  tcctal,  of  thp  specific  ETAvitjr 
11.8,  and  of  u  white  colour  iiitermcdiate  between  silver  auu  pliiu-^ 
Dum,  and  which   begins  to  fuse  at  the  highest  temperature  of  iH 
forgu-firw,  and  melt*  readily  before  the  flame  of  the  oxjliyilrogcn 
blowpi[)e.     Il  Clin  be  soldered  and  forged  at  a  white-heat,  and  it  ia 
mallcsiih^  uiid  rvudily  worked  iiilo  tliiii  sheets  and  wire. 

Pailhidium  does  not  combine  directly  wnth  oxygen,  but  it  oxi< 
wlcii  fuBcd  with  potttssa,  or  better  atill,  with  nitrate  of 
Sulphuric  acid  does  not  act  upon  it,  while  nitric  acid  easily 
soItcs  it  when  assisted  bv  beat,  aad  aqua  rcgia  dissoWcs  it  rapid 
It  comliincB  directly  with  chlorine,  sulphur,  and  silver. 

PaUa«Uuin  has  within  the  last  few  yeflra  been  brought  into  eoB 
merce.  being  obtained  ua  an  accesaory  product  in  the  treatmcut 
certain  gold-ores  nnd  the  gold-dust  of  Ttrazil,  (§  ]li>4,)  which  cc 
sist  cbieflj  of  an  alloy  of  gold  and  palladium.     Pallailiuni  alloyed 
with  1^  of  silver  ia  used  by  dentists,  and  it  hns  been  proposed  to  usa^ 
it  for  the  coitBtructioQ  of  the  graduated  Bcalcs  of  astronomical  iiifitiii^| 
me&ta,  because,  while  il  is  nearly  us  white  aa  ailvcr,  it  is  not  bladt-^ 
cncd  by  sulfhydrio  aeid;  and  the  diviaiuiui  uu  one  of  the  largest 
infitnuneiit^  iu  the  Paris  observatory  are  drawn  on  palladium. 


COMPOimT>S  OP  PALLADIITM  WITH  OXYOEN. 


I 


S  1194.  Two  combinations  of  palladium  with  oxygen  ar«  knownj 
a  protoxide  PdO,  and  a  binoxide  PdO,. 

Anhydrous  jirotoTidt  of  paUatiium  is  obtained  by  decomposing^ 
nitrate  of   palladium  by  gentle  heat,  when   a  deep-grny,   metallic 

Swder  remains,  which  loses  (ill  its  oxygen  at  a  higher  tcmperuture. 
y  pouring  an  alkaline  carbonate  into  a  solution  of  protonitratc  of 
palladium,  a  deep-brown  precipitate  of  hydrated  protoxide  rcsiill^d| 
which  readily  fUssolves  in  dilute  neids.  ^™ 

Jiinoxidc  of  palladium  has  not  yet  heeu  obtained  in  an  isolated 
form,  and  when  caustic  potassa  or  carbonate  of  potassa  ]i  adde^  to 
a  solution  of  bichlorido  of  polludimu,  the  brown  preeipitato  which 
forma  always  conlnins  alkali.  Binoxide  of  palladium  readily  parts 
with  half  iia  oxygen  at  a  slightly  elevated  tcmperatore,  and  iii  coia- 
pletely  reduced  at  a  higher  degree  of  heal. 


SALTS  PORSIEO  BV  THE  PBOIOXIDE  OP  PAIXADIUJI. 

§  1195.  The  proto8«lts  of  palladium  yield  solutions  of  a  reddish- 
brown  colour,  from  which  pota&sa  throws  down  a  brown  precipifw 
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which  dJssolTes  in  an  eic«»s  of  alkali,  while  sulf  h^vdric  acid  and  th© 
Ukatinc  sotphidcs  giy«  blftck  prociDit:Ltt«  irhicb  do  not  dissolve  in 
an  excess  of  sulfhvdrato.  Cjauiat.*  of  tuercurv  jiclda  u  vihite, 
tligbtiy  ffri-yisli  precipitate  of  rjnnido  of  pailsaium;  mnd  iron  or 
line  preapitat«  paUndJuiu  in  (be  form  of  a  block  powder,  vrliiclt 
asgmiiM  a  motaltic  lustre  when  biimiFliod. 

KitraU  nf  pcUadium  is  olptaincd  by  dissolving  palladium  in  nitrio 
scid,  but  the  ei'itporatod  liquid  Aoq»  not  deposit  crystals,  although, 
if  smmoaiii  be  added,  a  crystalllKable  double  nitrate  is  formed. 


1. 


COMPOUNDS  OF  PALLADIUM  WITH  ClTLORrHE. 

%  1196,  Two  chlorides  nf  p!il Indium,  <v3rrpspi»nding  to  the  two 
•sides,  are  known.  Protochhriile  oj  palltuiiam  PdOl  is  obtained 
by  diaaolving  palladium  in  aqua  rcgia,  when  a  red  Rolution  is 
formed,  yielding  on  evaporation  deep-red  crystals,  wbicli  by  the 
action  of  heat  aje  decomposed  and  fonverted  into  metal.  I'roto- 
ebloride  of  pnllmlium  forms  iJoubIc  chlorides  with  the  alkaline  cblo- 
ridea  and  chlorolijilratc  wf  ammoiiia.  Tim  double  cbloridot  of 
poUaeiutn  and  aamioma  are  very  gliphtly  soluble  in  water  and  ingo- 
lablo  in  alcohol;  their  formula;  arc  I'dOl+KCl,  PdCl+NlI..Ha, 
and  tbay  fortu  hvtamifiil  crystals;  while  the  double  chloride  of 
Bodiuso.  on  the  contriLry,  is  duliquci^ccut  and  very  tsuluble  iii  water. 
Xh«  colijur  of  these  double  chlorides  tu  small  crystals  is  of  aslightly 
rcddish-ypllow. 

Protochloriiio  of  palUdJuin  is  converted  by  the  action  of  aqua 
rtgia  and  moderate  heat  into  the  bichhrtde  FdCI„  wliich  after  cva- 

Eiratioa  under  au  air-pump  asaumeii  the  furni  of  a  brown  crystal- 
Qc  mass.  JBichlcride  of  palladium,  which  is  not  very  fixcff,  and 
the  solutions  of  wliieh  are  readily  decomposed  by  heal>  forms  with 
chloride  of  potassium  a  double  chloride  of  the  formula  P»ICI,-I-KC], 
wiiich,  being  very  slightly  soluble,  is  precipitated  in  red  ciystalline 
powder,  consisting  of  small  regular  octohedrons.* 

CO>tPOUNI>  OF  PAI-LADIDM  WITH  CT.ANOGBK. 

i  1107.  Palladium  has  a  great  affinity  for  cyanogen,  and  a 
<yaiude  of  pntladinni  ia  nhtainod  in  the  fnrm  of  a  slightly-grayish 
*hhe  precipitate,  by  addinj;!  a  soluble  cyanide  to  the  solution  of  a 
Pfotosalt  or  of  protochloridc  of  palladium,  the  precipitation,  how- 


*  Tbt  eombinittion  of  pnllndiam  witli  iodiiic  <Jca?rrc9  stvaa  oolicc.  fti  it  ia  ot 

2y*««*ttce  in  knalfticaE  chcmiitirT,  being  obtnined  in  tbeil^lorminatioaoriadiiMi. 

Tb«  tbHai-  cnnlniacd  in  any  «oliibI«  iodide  mnj  bo  T*rj  etftctly  dslcpnviued  by 

P^vcipiuting  it  by  tiinan^  of  nilrftle  «r  chloride  or  palla<lium,  when  a  black  Qonj 

"*P<mU  or  tuiSiilD  or  pBlIndlam  la  formetl.  which  Joes  ubt  comiiletely  iviUo  dovn 

'"'U]  tfUr  24  boor*,  moil  Khicb  ia  iuoluble  lu  water,  alvohol.  tnd  eUier.     It 

^8»ai  to  loBc  lu  icMliiM  at  k  teniperniurc  of  212°.  mJ  ia  entirely  freed  Aram  lb 

*^|*a  b»l«d  to  about  G60",  nliEti  pure  palladium  rciuitba,  from  Ut*  ir^gkl  of 

*3^  ^  weiKbt  «f  tL«  igdinc  willi  Trluch  it  wih  coiabincd  mar  b»  tl«da«td^— 

If  -  i.  r. 


ft&S 


BHOUIt'M. 


OY«r,  being  complete  only  when  the  liquid  does  not  contfttn 
excMB  of  8cld.     Cyanide  of  palladium  combincti  with  die  alkaline 
oyanides  mi  with  cyanohydrate  uf  ammonio. 

A  hot  and  sutnratcd  fioluticm  of  tbu  dtmbte;  c^titiitlc  of  palladinta 
and  potassium  depositti,  on  coohng,  small  crystulliiio  spanjil^s  of  the 
fonniiU  !MCr  +  KCy-f-Ht>;  whilt  tlic  minti  ^uIutiuIl  by  bIow  cva- 
poratiun  at  the  ordinary  tomperaiuro  yifllds  larger  cryslala  of  tlie 
formula  i'dCy+KCy+SUO. 

EXTRACTION  OP  PALLADIUM.  ^B 

§  1198.  Palladium  exists  in  small  qnantities  in  platinum-ore,  and 
remuiu  in  the  mother  liq^uid  irhich  la  obta.iiic<l  when  a  iwluliun  of 
plttiBtun-orc  in  aqua  regta  is  precipitated.  Il  hii8  nh'oady  boeu 
mcutioncd  (§1184)  thiLt  the  metals  which  remain  iu  this  mothvr 
liquid  are  generally  precipltiited  by  a  Wade  of  iron ;  tliey  are  then 
redissolrod  in  aqua  re^a,  and  the  excess  of  acid  being  driven  off  by 
evaporation,  the  residae  is  treated  viih  water  and  {wnred  iolo  u 
solution  of  cyanide  of  mercury,  which  produces  n  aolution  of  eyacitle 
of  pnlladium,  which  by  the  application  of  heat  leaves  metallic  palla- 
dium. The  greater  proportion  of  ptLlladtum  la  nhtaJned  from  the 
Brazil  gold-duflt,  which  i«  dienolvcd  in  aqua  re^la  xaturatod  with 
potaKsu,  and  then  treated  with  a  Mtlutlon  of  cyanide  of  mercury, 
which  prcdpitatcs  the  palhidiuni  alone.  Falladitun-epcDge  is  con- 
verted into  malleable  metal  by  the  Bame  process  as  that  deftcribcd 
for  platinum. 


RHODIUM. 

EQt'lVALBST  =  52.2  (692.5;  0  =  100). 

§1199.  Rhodium  cxiRUt  in  email  quantities  in  the  majority  of 
platinum-orea,  and  has  also  been  found  in  America  combined  with 
gold.  It  is  cstracted  from  the  metallic  precipitate  which  is  obtiUned 
St  decomposin<;  by  a  blade  of  iron  the  mother  liquid  which  remains 
arter  the  precipitation  of  (he  solutions  of  platinum-ore  in  aqua,  r^ui 
by  sftl-aramoniac.  These  metals  being  dissolved  in  aqaa  regit,  the 
palUdiuui  is  precipitated  hv  cyanide  of  mercury,  and  the  liquid  is 
evaporated  to  dryness.,  after  having  added  common  salt  and  an 
excess  of  chlorohydric  acid  ;  when  the  exwss  of  cyanide  of  mercury 
is  conTcrtod  into  chloride  of  mercury,  while  double  chlorides  are 
formed  with  the  chloride  of  sndiura.  The  substanco,  when  dried,  ia 
treated  with  alcohol,  which  diiwtolveathe  double  chloride  uf  platinum 
and  sodium  aa  well  as  that  of  iridium  and  sodium;  the  double  chlo- 
ride of  rhodium  and  sodium,  which  is  lusolublo  iu  alcohol,  alot: 


COMPOUNDS  OF   RQODItrU, 
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remainiDg.  This  coropound,  after  being  pwrilied  by  cry«talIiz»tion, 
U  healed  in  k  gliuij  tube  in  a  curront  oi  hydrogen,  when  metallic 
riicMliutn  remains  on  di^olving  tlic  substoLce  in  water. 

Rhodiiitn  ha»  been  thuH  culled  on  acoonnt  of  tho  rose  coloor  of 
itA  wlutioDfl,  It  is  a  gr»y  metal  of  the  specific  gravity  10.6, 
reeerabliog  platinum,  but  more  difficult  to  solder  und  fuse  thui  this 
laiter  tnetal. 

Rliodiom  does  not  oxidize  in  the  air  at  tlie  ordinary  temporaturo, 
but  when  very  finely  divided  readily  combinea  with  oxygen  at  a 
red-heal.  The  must  powerful  oxidixin^  acida,  even  aqua  regio,  do 
not  act  on  tho  metal  -K-hcn  pturo,  but  it  readily  dissolvee  in  a^jiia 
when  alloyed  Titli  platinum  or  other  uetaU.  Potasna  and 
Tre  set  on  it  at  a  rod-heat,  and  convert  it  into  tho  wAquiosido ;  'and 
biBulpbatc  of  puta8sii>  also  ultacks  it  at  a  rud-hcutT  forming  a  double 
to  of  potiaxa  and  se^qiiioxide  of  rhodium. 


COMPO0IJD8  OF  RBODirSI  WITH  OXVOEK. 

5  1200.  The  extstenco  of  two  ozidoa  of  rhodium,  the  protoxide 
BiiO  and  the  soBaaioxide  Hb.,Ot,  U  adutittod. 

The  protojfiiU  IthO  is  formed  when  very  finely  divided  rhodium 
ia  roaatcd  iu  the  air  at  a  hi;!:li  tcaiperaturo ;  nhilc  if  the  temperature 
he  h>Ker,  oxides  iutecmediaLo  between  the  protoxide  and  sest^uioxidc 
•TO  obtuiacd. 

TIu>  Mtquiexidt  ^\0,  is  produced  irhoD  powilerecl  rbodiiun  is 

[■tucked  by  a  mixture  of  nitre  and  potasso,  when,  after  treating 

[the  sabetance  with  water  and  washing  the  residue  with  a  vreuk  acid, 

'  thfi  sesquioxide  remains  in  the  form  of  a  black  powder.     This  is  the 

most  important  oxide  of  rhodium,  »s  It  combiner  with  the  acida  and 

forms  salts  of  which  the  Hnlutinn.'i  are  rcil  when  concentrated,  and 

troM-ouIoured  when  more  diluted.    Potasfta  precipitates  the  hydrated 

MSquioxido  from  iu  RolutionK  on  boiling  the  lit^uid,  while  ammonia 

throws  down,  when  cold,  a  yellow  precipitate^  vhich  is  not  deposited 

for  «omc  tirni),  and  which  in  a  compound  of  the  aesquioxide  Trith  am- 

iBOuia.     Sutf  hydric  acid  and  Bulf  hydrate  of  ammonia  give  brown 

prscinttates.     Ilydrugen  reduces  Hulutinnii  of  rhodium  when  aided 

by  Hiar  light,  and  precipitates  from  them  metallic  rhodium  ;  and 

iron,  xinc,  and  copper  precipitate  the  metal  in  tho  form  of  a  black 

powder. 

COMPOUHDS  OF  RUODIUM  VITH  CBLORINB. 

%  1201.  Two  chlorides  of  rhodiam  corresponding  to  tho  two 
oiidea  are  luiown,  and  are  prepared  by  treating  the  mixture  of 
Oliiiw  obtained  by  rousting  rhodium  in  the  air  with  chloroliydric 
acid,  when  two  chlorides  are  forraed;  the  protochloride  llhCl, 
wlu^  remains  in  tho  form  of  an  insoluble  reddish  powder,  and  the 
■oaquichloi-ide  RhiCl,,  which  dissolves.  The  sesquichloride  pro- 
duces brown  solutions,  and  does  not  crystallize,  but  forms  with 
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tlie  alkaJIne  cbloridcs  crv8tal1isable  double  chlorides,  of  a  beautiful 
red  colour,  tbc  best  method  of  prcpnrinp  which  consists  in  heating, 
in  a  ciUTcnt  of  cMorine,  a  mixture  of  finely  divided  rhodium  and— 
alkaline  chloride.  M 

The  double  chloride  of  rhodium  and  sodium  crystalliBca  in  bcatt^ 
tifiil  red  crjBtals,  of  which  the  formula  is  Rh,Cl,+3NaCI+18HO. 

COMTOUND  OF  BHODIPM  WITH  SDLPnCR.  ^ 

§  1202.  Rbodiiim  combines  directly  with  sulphur  at  a  red-heat, 
forming  a  sulphide  which  is  fusible  in  a  forge-fire.  ^^Iien  eulf- 
hydratc  of  ammonia  is  poured  into  a  solution  oi  the  double  chloride 
of  rhodium  and  sodium,  a  broum  preoipitete  of  the  sulphide  Rfc 
is  obtained. 


RUTHENIUM. 

EQt:rvALiST  =  62.2(652.5;  0=100). 

1 1208.  A  new  metal,  to  which  the  name  of  rutheinum  has  bee 
given,  has  been  reci-ntly  found  in  the  platiniferouH  «:Lud«,  occurrit 
principally  in  iridoaaiium,  which  scmctimva  contnina  5  or  6 
cent,  of  it.    In  its  chemical  proportlt-'S,  ruthenium  closely  resembl 
iridium,  with  which  it  was  for  a  long  time  coDfoun<I<.^J.    Rutbeuiui 
is  extracted  from  iridosuiium  by  heatiiip  to  rednend  In  a  porcelaii 
tube,  traversed  by  a  currcDt  of  raoiet  chlorine,  a  mixture  of  finelj 
powdtrcd  iridwsinium  with  one-half  its  weight  of  common  salt,     Th*] 
mnss,  when  cooled,  is  dissolved  in  water,  producing  a  brownisb-redj 
solution,  into  which  a  few  drops  of  ammonia  ore  poured  after  hav- 
ing heated  it  to  about  120°,  when  a  browniBh-rwI  precipitate  ofl 
KOHquioxidc  of  ruthenium,  mixed  with  oxide  of  osmium,  ia  formeilij 
The  precipitatu  is  heated  in  a  retort  with  nitrie  acid,  to  conrertj 
the  oxide  of  osmium  into  oamie  acid,  which  is  driven  off  by  boiling] 
for  a  short  time.     The  residue  is  calciuud  for  one  hour  in  a  sUvef  I 
crucible,  with  u  mixture  of  potuKta  and  nitre,  when  the  material  ift-l 
treated  with  water  dc'prived  of  air  by  boiling,  and  allowed  to  rest  i 
for  12  hours  in  a  boitlo  closely  corked  and  wholly  filled.    Tbe 
liquid,  which  is  of  an  orauge-i^ellow  colour,  itt  then  decanted  and 
saturated  with  nitrie  acid,  when  tbc  scsquioxide  of  mtbenium  is 
precipitated  in  a  black  velveilike  powder,  which,  by  calcination  in 
a  current  of  hydrogen  gas,  yields  metaitic  rnthenitim. 

Kuthenium  ia  a.  gray  metal,  of  tie  epecjfio  grarity  of  8.6,  resom-l 
iridium ;  and  it  is  infusible,  does  not  consolidate  at  a  rcd<heat. 
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DTTBODCCTION. 

§12C4.  Is  this  fourth  part  it  is  intciiiled  to  given  deRcHptioa  of 
ihe  BubstaDccs  found  in  orgftnizc^i  beings,  ae  veil  aa  tbc  combina- 
tions derireil  from  tliemW  various  cIitmiL-al  processefl  performtnl  in 
the  laboratory.  ITic  m9j.>rity  «f  organic  compounds  may  be  com- 
part with  those  compritfi'd  iiii()vr  the  head  of  morgiinic  chenujitry, 
uid,  like  the  ln.tt«r,  tn»y  be  cry»talU2ed  by  fiuion,  eablimation,  or 
•olution;  and  can  combini'  citlitT  vrith  acids,  or  with  bases,  or  may 
bo  (iecompoaed  into  xcid  nnd  into  bneic  olommts,  thi^ir  compounds 
^^"  nbjcct  to  tlic  iinva  of  dffinitf  proportions  in  the  iianie  mnn- 
eabfltnocefl  belonging;  to  minoriil  chotnislry.  In  u.  word,  they 
no  peculiar  phnrneter  which  nuthorixcM.  in  a  methodic  elotisi- 
tion,  their  sepnratiou  from  compounds  of  miiipral  chemistry, 
'from  which  they  arc  distinguished  by  (heir  origin  atone;  the  scpa- 
ymtion  being  only  fldmiltod  bec»u»ie  it  facilitates  the  study  of  oreanic 
;,eompouiid«,  which  arc  generally  of  (i  complex  character,  una  the 
properties  of  which  arc  more  readily  jinderRiood  nfter  the  student 
lutS  b«comc  fAmitinrized  with  the  moat  frequent  and  nimpio  rcac- 
tions  of  mineral  clieniielry. 

There  exisW,  however,  in  organized  beings,  a  certain  number  of 
wbatancees  the  essential  phyeic«l  properties  of  which  differ  greatly 
firom  those  jnsr  menti'inc d,  and  whieh  constitute  the  organs  of  vege- 
tables and  aiiimali'.  They  are  distinfjuishod  by  their  insolubility  in 
•olrents,  and  by  the  pecnliiir  fr»mis  they  aesumo  under  the  influence 
ofvitalilr.  Tbey  undergo,  in  orgnruBcd  beings,  n  host  of  tmnfi- 
formstiuns.  frequently  without  experieucinf;  hut  remarkable  change 
in  their  elementary  composition,  nnd  thus  henomc  fitted  for  iho  ▼»- 
rious  parU  which  they  are  destined  to  constitute  in  organic  life. 
^«y  can  in  no  mitnner  bo  made  to  iiMinmc  a  crystalline  form ;  and 
vhuncvcr  they  are  crvatiLllikcd  or  included  in  compounds  subjcctoil 
to  the  ordinary  liiws  nl'  dflinite  proportiona  and  cupahle  of  eryntaJ- 
'Gution,  it  will  be  found  that  they  hare  been  com|)leI«ly  ohaogcd, 
and  that  the  new  differ  very  materially  from  the  original  iiubstanoM, 
alLhough  tlieir  elementary  campoution  is  frequently  identical. 
voL.lL— ar   '  Sfli 
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We  sTiall  call  tliese  compouiids  organized  subtt€mce»,  or  organized 
matter,  to  distinguish  them  from  other  gubatances  fonnd  in  living 
beings,  iinil  ortt-ii  coitfuiUKlvd  wllh  them  imder  tlie  gcDcnil  name 
of  organic  Kithgfatifies  or  mnUer^  which  AhoiiM  only  to  oonsidcrod  u 
indicating  their  cotuiiiuii  origin.  The  latter  name,  honever,  sboold 
be  uppticil  only  to  stihntnncr's  of  the  organic  IdDgdom  which  arc  not 
also  fuuiid  iii  the  miucral  kiDgdotn. 

§  1205.  Some  organio  mibittances  contain  only  carhoD  and  bjr* 
drogcn  ;  and,  while  the  majority  of  substajices  found  in  vegetabM 
contain  carbon,  hydrogen,  and  oxygen,  those  forming  the  orguu 
of  animals  consist  of  carbon,  hydrogen,  oxygen,  and  nitrc^gen. 
Sirailur  q^uiitcmary  compounds  arc  found  in  almost  all  put*  of 
vegetubleM,  priiieipally  in  thu  cerciil^  which,  th«nco  derive  their 
property  of  nourishing  animal  life.  Some  orgnnizcd  beings  also 
ODDtain  a  greater  number  of  simplo  bodieti :  thus,  some  contain 
sulphur,  uthcrft  phoBphorud,  Animuls  provided  with  a  i«tonj  case, 
or  shelle,  contain  a  hir^'C  proportion  of  carbonato  of  lime,  forming 
nearlv  the  wbolo  of  tacir  external  envelop;  while  the  bones  oJF 
vertebrated  animals  coulalii  a  large  quantity  of  phosphate  and  a 
Bmnll  proportion  of  carbono-to  of  lime.  Lastly,  in  all  anitoals  and 
vccctable^,  »a1t8  arc  found,  fonned  by  the  mineral  bases,  combined 
©itlier  with  mineral  or  organic  acids,  and  which,  in  many  ca*c»,  np- 
pear  csaenlial  to  the  existence  nnd  development  of  the  organized 
being.  The  principal  mineral  bases  found  in  organized  beings  arc 
potaasa,  soda,  lime,  magnesia,  ulumma,  oxides  of  iron  and  mauga- 
ncee ;  while  the  mineml  ncida  are  carbonic,  phosphoric,  sulphuric, 
nitric,  and  eilicic  ncid.  In  addition  to  the  ealta  formed  by  tbeeo 
sub»tanccsi,  tlie  chlorides  of  potassium,  Bodium,  calcium,  and  magDo- 
aium,  and  more  rarely  their  bromidee  and  iodides,  alao  occur.  Tbose 
mineral  ^nhstanccR,  with  the  exception  of  nitric  acid,  are  found  in 
the  ashes  of  organized  beings  after  their  combualion. 

Carbon  anil  '\t*  compounds  with  ojtjgen  may  he  ranked  among 
organic  subatances,  as  they  are,  in  moat  cases,  extracted  from  them; 
and  with  still  greater  reason  may  ammonia  he  included  among  them, 
as  it  is  alwaya  prepared  from  organic  matter.  We  Bhall  not,  how- 
ever, recur  to  those  substances  which  have  been  considered  in  the 
preceding  piirts  of  this  work. 

§  120(>,  The  various  organic  compounds  may  be  divided  into — 

1.  Gompoundis  which  cannot  bo  separated  into  several  kinds  of 
substances  without  evidently  changing  their  constitution  and  nature, 
which  we  shall  call  Ktrnplt  proximate  principle*; 

2.  Componnda  formed  of  one  or  two  proximate  principle*,  tuitvd 
iw  definite  proportions ; 

3.  Compounda  formed  by  the  onion,  in  indefinite  prop^rtiont, 
oitbor  of  proximate  principles,  or  dcfiiutc  compounds  of  these  same 
priueiplcs. 

Wt  «haU  giro  the  name  of  apeciea  to  compounda  of  the  first  tvo 
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^hmmr  nhOe  KubMances  of  the  third  class  will  be  considored  aa 
mirturea  of  acYenil  species,  ^^lucli  Utter  it  is  alwa^-e  possible  to 
ftcparate,  either  by  mechaoical  meana  or  diemical  procetuws,  inth- 
out  altering  tbeir  iiatar«. 

The  name  of  pr&rmatt  analym  is  giveu  to  t1i«  io«chamoa]  or 
chemical  operations,  the  ohjecta  of  irhich  arc  to  ecparato  tho  ipociea 
which  immediately  constitute  orgnnixerl  beings  ;  anl  elemmtary 
auuli/iiin  is  the  operation  by  whicii  tho  nature  and  proportions  of 
the  simple  bodies  composing  these  beings  is  delermined.  Elcmeot- 
arj  anajytitd  is  frenerally  iipplied  to  species,  because  tho  knowledge 
of  tbeir  composition  furnishes  one  of  their  most  distinctive  charac- 
Uiristjc». 


PROXIMATK  ASAHSIS  OF  ORGANIC  SUBSTANCES. 

§1207.  Tiie  proximate  analysis  of  organic  snbstancee  is  ooc  of 
the  mnnt  difhc-ult  problems  of  this  branch  of  chemistry,  brcaiue  tbe 
great  instabiHiy  of  organic  matter,  tbe  facility  with  which  it  is  al- 
tered by  chemical  ng«ntA,  and  the  great  ilivcntity  of  its  nature,  do  not 
I  permit  tbe  establishing  of  well-dennod  rules,  such  as  tbo^ie  applied 
to  the  analysis  of  mineral  gubHtuncos. 
llecbani«al  separatiau  by  the  hat  and  microscope  affords  a  means 
of  separation  which  eometimos  gucccods;  and  ia  some  ca«es  Uvin- 
lioo  may  bo  used,  by  nupendiug  tbe  uiixtore  in  water,  when  the 
Tarions  insoluble  species  composing  it  are  depoaite<l,  more  or  leu 
rapidly,  according  to  their  varictica  oFdenHity  and  shape. 
ifeutrat  tohvnt$,  that  is,  those  which  exert  no  chemical  action  on 
the  orgiinic  sptcica  to  be  separated,  afford  tho  most  ordinari-  means 
for  tbe  isulntiun  of  thu  latter ;  and  the  ^ubtitaiieeH  uiuut  froqaently 
employed  fur  the  pui'poBf?  are  water,  alcohol  in  various  degrees  of 
concentration,  ether,  and  viiod-»piriL.  A«  Ihey  are  used  sometimes 
cold  and  j<«iiietlmc3  hot,  it  is  iniportunt  iii  tlie  latter  cnsc  to  ascer- 
tain wheibt.T  noiue  of  tlie  organic  species  are  not  modified  by  the 
temperature  at  which  the  operation  b  being  carried  on.  Soluble 
Bad  iiii>oliihle  orgsinic  Bnb»t:inces  constiiuting  a  mixture  may  be 
■Cpar&tcd  by  means  of  nentral  golvonlP,  and  tho  sohition-f,  when 
•lowly  evaporated  at  a  proper  temperature,  frequently  deposit  the 
^•eJM  tucce^-'<ivoly  in  tlie  form  of  crystals,  wliich  can  thus  be  iso- 
llitad;  and.  although  the  separation  is  generally  incompletely  effected 
lir  the  first  crystal  lization,  by  redissolving  the  crj-stalline  deposits 
Toich  hare  successirely  formed  in  the  f^ame  solrent,  »»  before,  and 
rocry.>itallizing  them,  the  species  may  be  separated  in  a  state  of 
purity. 

By  subjecting  a  mixture  of  organic  species  to  tlie  successive  action 

of  various  solvents,  tbey  can  generally  be  separated  into  several 

partu,  each  of  which  is  tonned  of  a  more  simple  nuxlure  than  the 

^ori^nal  mixture.     Uv  .skilfully  applying  the  action  of  neutral  golT> 

'cntB,  substauceit  wbicli  do  nut  oven  present  great  differences  of  aolu- 
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bilitj  in  the  eane  solvent  can  be  separated,  remarkaMe  instances  of 
wliicL  will  be  mentioned  nhen  treating  of  the  anaJjriiii)  of  fat  sab- 
stoncca. 

Solvents  wbiuli  exert  a  clieiniciil  action  on  the  orgniiic  ttpccies 
composing  tbc  mixture,  but  witbout  modifying  tbe  speeioii  eo  that  it 
cannot  be  restored  to  its  original  stntc,  ore  frcquonllj^  used  with 
soocess;  but  their  aciioii  must  be  limited,  eitlier  to  (be  deeoinpo«- 
tion  of  a  compound  species  into  simple  species,  or  to  simple  combi- 
nations of  the  species  with  the  eubstince  of  the  solvent ;  in  which 
case  one  or  several  of  the  species  combine  with  the  substance  of  tho 
solTcnt,  &nd  form  soluble  cortipnuiidn,  the  simple  species  f*f  which 
may  be  separated  without  change.  ThuH,  an  insoluble  salt,  formed 
by  un  organic  acid  with  n  mineral  or  nn  organic  hajie,  may  be  dc- 
compuHod  by  a  Bo]mioii  of  potassa  or  carbonate  of  pots^ia,  bo  that 
the  organic  add  shall  form  a  enluhle  r^mponnd  with  ihc  alkalies, 
from  which  it  may  then  bo  separated  without  change. 

Acid  solvents  are  aleo  pometimrs  employed,  as,  for  example,  when 
an  insoluble  organic  hmn^  is  combined  with  an  organic  or  mineral 
acid,  forming  aji  iuBolublo  salt :  by  treating  tlic  substance  with  a 
weak  suhitiun  of  chloToLydricor  sulphuric  ueid,  the  base  is  dissolved, 
an<l  may  be  proeipitntcci  by  supereaturating  tlie  liquid  by  potuso-or 
ammonia. 

The  mpfiillic  snlts  are  primetimcs  employed  to  effect  double  d©- 
oompoiiitiiiiL,  III  BolutiutiB  obtained  by  trt-uting  orgiiuii;  miiiturcK  by 
neutral  or  alkaline  Bohent*.  Thus,  a  great  number  of  or^nte 
noida  form  msolubie  biilld  yt'iik  prolcvide  of  k-ad;  and  by  adding 
acetate  of  lead  to  their  solution)!,  previously  neutralized  by  notasia 
or  amlnonia,  an  insoluble  salt,  fonned  by  the  oxide  of  lead  witli  the 
organic  acid,  is  precipitated ;  and  the  precipiwic,  after  being  wrfl 
Trashed,  is  suspended  in  nati-r,  tliroiijifh  which  a  current  of  sulfhy* 
dric  acid  gas  is  passed,  when  the  lend  is  converted  into  insoluble 
Bulphide,  while  the  organic  acid  separates  and  generally  dissolTcs 
ia  the  litinid. 

Many  organic  substances,  which  do  not  change  in  the  air  in  the 
prcDcuce  of  neutral  Hnlrcnts  at  the  nrdinary  temperature,  pesecee 
the  property  of  absorbing  oxygen  rajiidly  when  in  contact  with  an 
alkaline  litiuid,  in  which  caee  uicy  are  converted  into  acids  which 
combine  with  tho  alkali ;  and  it  is  theroforo  important,  when  alkaline 
solrenta  arc  used,  to  delcnnino  by  a  preliminary  cspcrimont  whether 
the  phenomenon  jmtt  uientiuned  will  take  place;  which  is  done  by 
introducing  a  nmall  quantity  of  tho  organic  substance  and  the  alka- 
line solvent  Into  a  graduated  bcll-gla^s,  filled  with  air  over  mer- 
cury, and  to  olaerve  whether  the  volume  of  air  h  lesnened, 

§  1208.  Certain  organic  r^pecie3are  isolated  by  distillation,  which 
process  retiuirefi  great  caution ;  and  it  is  neoesnary  to  aBvertain 
whether  the  product  of  distillation  realty  pre-exieted  in  ihe  mixture, 
or  whether  it  hoa  resulted  from  changes  effected  by  heat  id  the 
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wig,ina,l  substsnoes.  Distillation  or  sablimntion  must,  t»  many 
cases,  be  cfiectt-'d  at  a  tcmperaturtt  below  timt  of  the  buUlTig  point 
of  sabatanccs  whicb  volatiliM  under  the  oixlinary  pressure  of  th© 
atmrnphcrc,  Hccuum;  llic  temperature  of  ebullition  la  often  suflicicntly 
elcvatul  to  cliunge  the  other  organic  speeioa  which  oxi^t  in  tliu  mix- 
ture. The  Bubstimcua  are  thca  oeatm  in  a.  corrcnt;  of  etviiiii,  when 
the  vapouni  uf  tltL>  orgatiic  volatilo  spodcs,  having  considcniblo  toii- 
8ton  at  the  tcmpcruture  of  212",  arc  continiiallT  carried  orcr  h^ 
tbe  aqueous  vapour,  and  condeoBed  ffith  it.  By  tots  process  many 
of  the  odorifcroiu  caecnttal  oila  <;oatiunod  in  plaaU  are  separated. 

By  applying  didtillatiuu  to  urgimic  Kuhstauces,  a  mixture  of  seve- 
ral volatile  species  is  frcqncntlv  obtaiucd,  which  arc  soluble  in  each 
other,  and  caiinut  bo  separated  h]/  the  tiil'uu;*  of  clieiuical  couibina- 
tion.  When  sucb  ^pflcics  ore  iinoqunlly  volatile,  a  sepiralion  may 
be  tdrt-cif  d  by  subjt-ctuig  them  to  succesaivu  disullatioiia  and  dividing 
the  products  into  fractions,  if  not  absolute,  at  least  sufliciciit  for 
the  study  of  the  properties  of  tlie  species.  Tho  difEcultieiei  of  such 
A  separation  increase  as  the  ^ffcrencc  between  the  boitins  points 
is  anwUer;  and  it  U  often  more  advantageous,  instead  of  distilUng 
the  mixture  under  the  ordinary  pressure  of  the  atmosphere,  to  boil 
it  aader  a  much  weaker  pressure,  because.  In  that  case,  tlie  ratio 
between  their  elastic  forces  becomes  much  less.  We  will  endeayoar 
to  explain  this  by  an  example. 

Let  UB  suppose  a  mixture  of  alcohol  and  ether,  in  nearly 
VfiuX  proportions.  Alcohol  atone  boils  at  173.3°,  and  ether  isolated 
at  M,5*,  under  tlie  pressure  of  20.922  inches;  and  we  will  admit, 
although  the  eupposilion  is  not  entirely  exact,  that  the  mixture  of 
alcohoraud  ether  boila  at  94.5°.  The  nurmal  teoaion  of  the  r»- 
^ar  of  ether  at  thin  tem pcrntnrc  is  :2VM<:^2  inches,  while  that  of 
aJeohol  ia  4.055  inches,  and  tho  ratio  of  the  two  tensions  is  there- 
fore O.lSti.  It  \b  evident  chat  the  first  portions  whicrh  pasH  over  in 
distillntion  will  contiiin  much  more  ether  than  alcohol,  but  that  this 
will  coniain,  nefertheletu,  a  oonaiderable  proportion  of  the  latter 
attbatance,  since  the  ratio  of  the  two  tenaona  is  represented  by  t>.13G. 
If,  on  tbe  contran.%  the  raixture  bo  boiled  under  a  prcasurc  suffi- 
ciently feeble  for  tho  boiling  point  to  sink  down  to  32*,  tho  normal 
tension  of  olcoliol  at  thin  temperature  being  0.492  inches,  while  that 
of  ether  is  7.105  inches,  tbe  ratio  between  the  two  elastic  forces  m 
only  0.068,  and  couHcquenlly  much  more  feeble  than  at  the  tempe- 
rature of  94.5°.  If,  therefore,  the  retort  containing  the  mixture 
bo  surrounded  with  ice,  nnd  tho  distillutioit  effectod  by  rarefying  tho 
air  by  means  of  an  air-pump,  tho  proportion  of  aleohal  wlueh  will 

r)  over  in  distillation  at  the  same  time  with  tbe  ether  will  scarcely 
one-half  of  that  which  distilled  at  the  temperature  uf  94.5'* ; 
uid  tbe  proportion  will  be  Ittill  leas  if  the  retort  be  surrounded  by 
a  refrigerating  mixiuro  ef  ice  and  common  aaltat  14".  In  fact,  at 
thii  (emperature,  the  tensioa  of  tho  vapour  of  alcohol  ia  0.251 
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inches  ivliile  that  of  ihe  vapour  of  ether  is  4.468  mcb«8 ;  and  thoj 
ratio  of  the  iwo  eluUc  forces  is  only  O.O.'iB.* 

Vfo  will  not  devote  too  much  time  to  a  fji'Dcra]  indication  of  the] 
principnl  processes  cinploiretl  for  the  analm»  of  organic  mixtiirea^  j 
08  in  the  tolluwinf;  a  large  numlier  of  (.'.tatnplcx  uUl  be  given,  KhtdiT 
are  better  aHaptcd  to  illustrato  the  methodfl. 

ELEMKNTARY  AHALTSI3  OF  OROAKIC  SCB8TAJ(CES. 

§  1209.  Although,  iti  the  preceding  parts  of  this  >rork,  the  ffreator 
pan  of  the  proce«*Re8  employed  in  chemistry,  to  d«tenniae  the  ele-j 
mentary  oompoeition  of  argnaio  substancee,  have  beeo  aireadj  «x< 
plained,  we  still  think  it  nece^nry  to  add  some  new  details,  an ' 
indicate  the  various  precautions  lo  he  ohaervcd,  according  to  tbo'j 
natiirc  and  physical  properties  of  the  organic  subfitancos  to  ' 
anal^'zcd. 

U  haH  heen  mentioned  (§1205)  that  the  majority  of  eiibstoncea] 
extracted  from  the  vegetable  kingdom  were  compodeU  only  of  carbon,,] 
hydrogen,  and  oxygen,  while  a,  certain  number  i>f  regptable  specicsi 
and  the  majonty  of  animal  xuhiitAnces  contain  nitrogt-n  in  addition  ;| 
and  lastly,  that  some  organic  substances  contain  sulphiir  and  phos-j 
phoruM.  But,  by  subjecting  organic  BiibstanceH  to  the  various  rea<hj 
tions  capable  of  being  pcrfomx^d  in  the  laboratory,  other  subetanc 
are  obtained,  which  are  not  organic  substances,  properly  ao 
becaiisc  they  have  not  bi'cn  directly  extracted  from  tbo 
kingdom,  bnt  the  study  of  which  presents  great  interest,  t^iich  siiIhI 
Stance,  produced  by  chemical  reactions,  often  contain  elements  vbtobj 
have  not  heen  met  with  in  organic  substances,  properly  so  called, 
aa,  for  example,  chlorine,  brommo,  iodine,  arflenic.  Again,  organifl 
Mpccics  wbich  act  the  part  of  acids  may  form  salti  wHlh  mioordi 
baseti^  while  baaic  organic  Rpecics  form  aalta  with  the  mineral  acida.  i 


*  Th«  nppnraluit  mwiJ  for  dittillatioa  under  r«(tuccil  prurarv  conniit*  la  a  r*^] 
tort  A  (flg.  608)  srrmnged  lu  a  emftll  kettle  conlBininie  Ico  or  the  r(fHjc«radiig>iix*1 

turn.  Tlic  rciurt  U  Stiod  lo  as  or-1 
Oinikry  tuliaUtvd  r«otmr  B,  tbf] 
cork»  (if  wbich  lut  t<>ftmi  «rilfc  , 
'^Hoa.Ung-waXjkii'd  whifhia  uruigad  < 
tn  ■  VfMll,  H  tlint  it  ini;  ba  to- 1 
llrely  covered  by  a  r»frlg«rmUti>  I 
toixLure  ofcryiliilUEeil  cliluride  n] 
calcinm  nii't  ice;  tltu  tvutiiin'klun  i 

of  vbicli  mixture  muat  ncqciiMih  | 

^l^^be  mndiloircrthBatlifttramaik^ 

. ?^^"Id(5  tb«  Tird'rl.     To  the  iMOnd  to- J 

~_.      \^  —  buiure  of  Ui«   rtesiTwr  n  le»>I«n- 

rtfi  W8.  pipe,  haring  ft    •lopooek  r  and  ; 

oomtnnn  lea  ting  with  an  &iT-[mmp,  i*  fltlvd.  A  vaenvm  t<  made  naill  the  li<)uiid 
In  tlic  rctiiri  bulls,  when  tlio  irinpcoclE  r  ii  oloMxt,  and  lb*  diatillallon  i*  <tff<KlHt 
b*  nipun*  of  iht  ililTRtenci^  nt  CempcrnlnTC  In  the  ratorl  ami  iha  rectirer.  Ttia 
dittillulinn  finn  ho  nrrcslod  al  nlll,  bjr  allovbif  nir  to  enler  lli«  apparalua  tkrougb 
ttt  atojtcock  r. 
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JXaWf  the  stody  of  those  enlta  poe^gscs  greul  interest,  bec-ause  tliey 
»re  moro  esaily  obtained  id  a  state  of  purity  tbon  thfl  isolatud  or- 
apeciM,  and  their  atml^'eia  furuishes  very  raluablo  elements 
or  tbo  dctcnoimition  of  the  composition  und  conetitution  of  the 
ledes.  Frum  all  thi«  it  will  bo  fc««ii  that  tho  cheioUt  who  devot«s 
iMlf  to  the  investigation  of  organic  8ub»litncC6  inu»t  fr«<tiicntly 
eleiDFiitiit  ({uitL'  difTtreiit  from  lliosu  which  exist  uaturiillyin 
i  sobstimoH  subjected  to  itnalytiig,  und  that  tbc  prcscnct^  of  such 
new  elomeotB  soinecimes  obligea  liim  to  modify  Uis  ordiuary  pro* 

DETEBSItNATlON  OF  C.UtBOX  AND  nTDBOOEK. 

§1210.  The  carbon  and  hydrogen  of  an  orgamc  conipound  are 
always)  determined  hy  completely  huming  tbo  (nib«tnnco,  eitlior  in 
frte  oxygen,  or  bj  means  of  ihe  oxygen  conlained  in  «n  easily  re- 
dncible  melallic  oxide;  when  the  hydrogen  in  coDTertcd  into  water, 
vbiolt  is  absorbed  by  eome  highly  hygroscopic  substance,  ouch  ae 
^loride  of  calcium  or  concentrated  sulphuric  iMiid,  wlule  the  oarWn 
ioto  tho  etato  of  carbonic  acid,  which  combines  with  a  knoim 
hquantity  of  caiutic  potuwa  ;  the  increiute  of  weight  of  the  potana 
BDtin;;  the  Tcight  of  carbonic  acid  formed, 
Oxide  of  copper  CuO,  which  la  gentTally  used  Ut  effect  the  com- 
bnstion,  may  be  prepared  in  several  ways,  and  in  each  case  pre^ontA 
some  special  properties  on  which  it  is  proper  to  dwell. 

One  of  the  most  Bimple  proces-iea  conswts  in  roaflttng  copper 
:tgs  at  a  red-heat  in  the  muffle  of  a  cupelling  furnace,  (fig.  ■'tif-l,) 

c,  the  surface  of  the  copper  becoming  oxidised,  the  whole  is  re- 

[  XMVed  after  a  few  hmirs'  roaating,  and  nibbed  in  a  morlartn  detach 
Ifthe  oxide,  or  to  pulverixe  tliose  aheeta  of  copper  wliieb  are  vntirvly 
<  COBTorted  into  oxide.     Tho  sab»tanco  'm  parted  over  a  coarse  aieve 
to  seponto  the  sheets  of  metal,  which  are  again  roast«d.     A  very 
«,«0U8e-£raitied  oxide  in  thus  obtained,  which  attracts  but  slightly  the 
moisture  of  the  air.    A  finer  oxide,  the  hygtonietric  power  of  which 
a  equally  feeble,  is  prepared  by  substituting  for  the  copper  tum- 
0(^ptT  prccipitnted  chemically,  or  produced  by  decomposiog 
of  copper  by  boat. 
An  oxide  of  copper  in  Gno  powder,  and  more  easily  reducible 
■tlian  that  prepared  by  roasting,  may  bo  obtaittcil  by  dissolving  the 
metal  in  nitric  acid,  evaporating  the  solution  to  dryness,  and  oal- 
-dnine  for  an  hour,  at  a  aull  red-heat,  thcsubnitrate  of  copper  wbich 
ranuns  after  evaporatiou.     The  oxide,  wluch,  wboa  ground,  pro- 
nents  the  appearance  of  a  fine,  velvel-blnci:  powder,  is  well  adapted 
to  the  combustion  of  organic  substances,  but  rapidly  attracts  the 
iDtnstQro  of  the  air,  and,  on  this  account,  requires  great  caution  in 
uialrsiB,  if  tb«  amotint  of  livdrogen  is  to  be  accurately  determined. 
Tne  oxide  of  copper  proiinccd  by  the  decompoMtion  of  the  car- 
bonate by  heat  ia  also  veil  adapted  to  the  eombnstioa  of  organic 
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subauncce,  but  u  at  least  us  bjgroaictric  us  that  prepared  by 
calcining  ihe  tiltrnto;  which  prop«rtr.  however,  mav  bo  lenencd 
by  h«atir)g  it  longer  und  %t  a  higher  tcmporuture,  when  it  ttgnio 
becomes  more  compact,  and  is  reduced  with  greater  difficulty  hy 
ootnbostiblc  substances. 

Ohroniatc  of  lead  PbO,CrO,  is  sometimeB  sohstituted  for  oxide 
of  copper,  bocauBO  orgnnic  (nibBtancci!  bam  readily  iti  contact  with 
the  Bait ;  and^  as  the  chromate  fuses  at  <init€  a  lovr  temperaturv, 
the  heat  is  rniN«fl  toward  the  cIn»R  of  tlie  cotnbustion,  ko  aa  to  ctuBQ 
itfi  fusion;  b;  which  meane  the  ln«t  |mrtickii  of  carbon  which  mty 
remain  after  the  decomposition  of  the  organic  matter  are  forced 
into  contact  with  the  burning  suhatuace,  and  their  combustion  is 
neceHsarilj  complete.  Chromate  of  lead  poHKcttaca  another  adr»D< 
tage  in  being  less  hTgrometric  than  oxide  of  copper,  so  that  the 
detcnnination  of  hydrogen  may  bo  made  more  accurately.  The 
chromiito  of  lead  should  be  previtiiisly  fuaod  iu  an  eunhen  crucible, 
rolled  into  a  pkte  on  a  sheet  of  coppnr,  reduced  to  powder,  and  im- 
mediutt'ly  preserved  in  a  well-stoppered  bottle. 

Before  using  oxide  of  copper  for  combustion,  it  is  always  licated 
to  redness  in  an  earthen  crucible,  iu  order  to  destroy  tho  organic 
dust  with  which  it  may  he  mixed  and  drive  off  its  mouturc ;  and 
the  crucible,  when  removed  from  tho  fire,  ig  placed  under  a  hell- 
glass  contaimng  some  pieces  of  quicklime,  and  allowed  to  cool.  It  ia 
ircquciitly  used  before  it  is  entirely  cuoled,  aa  there  ia  then  Icsa 
fear  of  its  attracting  moisture. 

S 1211.  Aa  organic  matter  bums  under  condiliona  differing 
aliglitly  uccording  to  the  nature  of  tho  substance,  wo  shall  pay  at- 
tention to  sevcml  cases. 

We  will  suppose,  in  the  firet  place,  that  tho  or^ic  substance 
coutaina  only  carbon,  hydrogen,  and  ojcj-gen,  and  wdl  also  exninino 
several  {loiiit^s,  according  to  the  stuto  of  ihc  substance  and  its  greater 
or  leas  volatility,  aasuming  tho  substance  to  be  solid,  non-volaUlc, 
and  not  deeompotiable  below  '2V2°. 

The  combustion  is  ofi'cctcd  in  a  glass  tube  ah,  (fig.  609,)  nufe 
„  e  as  strong  as  posuble,  and  of  an 

Um^^^^^^^mmm^^^^m^^^^  tutcruul  dlameteT  of  about  15 
^'8-  ™^-  millimetres,  being  4  metre    in 

length,  while  one  of  its  ends  ig  drawn  out  to  a  point  ■*  and  turned 
upward.  The  other  end  a,  which  remains  open,  has  its  edfea 
slightly  rounded,  bo  as  not  to  injure  the  cork  fitted  into  it;  which 
latter  should  be  previously  dried  in  a  stove  at  the  temperature  of 
212°,  to  prevent  it  from  giving  off  moisture. 

T1]C  glass  tube  intended  for  aDnlysis,  and  which  we  shall  call  the 
eombttstion-tulvy  should  be  thoroughly  olenned  by  wiping  it  out  with 
tisBue-papcr,  and  then  heated  thioughout  ite  whole  length,  while  a 
tube  open  at  both  end:«,  und  fitted  io  tho  noaale  of  a  bellows,  ii  in- 
trodaced  into  it,  when  tho  currcQt  of  air  thus  cetablished  rcmorcs 
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all  moisture ;  af^r  whioh  the  tnbe  must  be  closed  iv>Lb  n  cork.  As 
the  cotnbastion-tube  may  Btill  contain  eomo  organic  dtut,  ii  small 
(jaantitj  of  hot  oxide  of  copper,  recently  calcined,  in  introduced 
ioto  it,  and,  after  hnving  fjliaKen  the  tube,  the  oxide  b  set  aeiJe. 

The  organic  icatter  intended  for  :iDalyf>iH  having  been  preriously 
finely  powdered,  the  portion  to  be  gubjected  to  ooinbuslioo,  nhicfi 
varien  in  weight  from  8,300  gm.  to  QJiOO  gm.,  is  very  accurately 
▼oighcd.  Lnrger  quantitios  arc  eoinetimee  taken  when  the  Bubslascc 
contAins  but  btllo  carbon  or  hydrogen  and  great  exactness  is  ro- 
quired  in  the  nnnlysta.  Ic  is  to  be  wt^ighed  in  u  sniidl  glasi)  tube 
closed  lit  uno  tiiil ;  und  if  tlie  matter  i»  nygroecopic,  the  open  end 
of  the  tube  should  be  closed  with  a  ground-glaes  stopper. 

The  mixture  of  the  organic  mattor  with  <ixidu  of  copper  is  made 
in  a  mortar  ofglnzcd  porcelain  or  glaes,  which  has  previouuly  been 
perfectly  dried  oy  being  hc-atu-d  in  a  atovc  ;  but  it  is  better  to  use 
a  metallic  mortar,  (fig.  010,)  not  very  deep,  and  highly  pulisbed  on 
the  inside,  because  it  is  more  caaily  Lcattd,  and  bc- 
c.-iuae  metal  docs  not  attract  moLsiuro  like  glass. 
The  inside  of  the  mortar  should  be  cleftaecl,  before 
using  it.  with  a  small  quantity  of  oxide  of  copper, 
which  is  afterward  rejected.  The  qnantity  of  oxide 
of  copper  to  be  mixed  with  the  organic  matter,  and  which  should 
be  such  a«  tJ}  occupy  a  length  of  I  or  2  decimetres  in  the  combus- 
tion-tube,  being  first  placed  in  the  mortar,  the  organic  matter  con- 
tained in  the  umall  tube  in  which  il  has  been  weighed  is  added;  while, 
in  order  that  none  may  adhere  to  ita  sides,  a  small  quantity  of 
oodde  of  copper  is  passed  through  the  small  tube  several  times  and 
tlwn  poured  into  the  mortar.  The  subauncc  is  ground  rapidly  with 
the  pestle,  in  order  to  make  a  uniform  mixture,  irhich  is  immediately 
iotrodaccd  into  the  combuitioD-tubo,  at  the  bottomof  vbioh  asuull 
oolomn  of  pure  oxide,  of  tJ  nr  4  centimetres  in  length,  has  been  pre- 
rioiuly  deposited ;  for  wluch  purpose  the  substance  in  tha  mortar 
ia  dipped  up  with  the  tube,  or  first  poured  on  a  copper  spoon  C, 
^^^■S^b  (fig.  till,)  and  thence,  by  a  copper  funnel,  into  the 
I^^^^^^P  comhustion-tuhe.  A  small  qtmntity  of  oxide  of  cop- 
fi?.  eil.  pj,y  i,t'iDg  rubbed  in  the  mortar  to  remove  any  par- 
ticles of  the  mixture  wliivh  may  adhere,  and  then  dropped  into  the 
tube,  the  latter  is  then  filled  witli  pure  oxide  of  copper.* 
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*  If  Mite)i6rlUh'a  old  neUuM)  at  filling  eombtutioa-tnbM,  wUob  for  *  long  tim« 
wu  rqfieud  \>j  the  tcj^nriiy  or  chomicta.  Mama  sov  ftgain  ta  b«  bronglit  inio  nao, 
It  wfll  b«  w^n  to  mention  U.  The  orguiia  substance  ia  coBtainad  in  n  long  Inbo. 
the  eitnaol  dlunvter  tit  Ktiah  ia  Bufficientlj  tnuil  na  to  silow  of  iu  b«lR£  inj«ri«<l 
into  llic  ciiiubu>Uuit-iut« :  bad  the  oxide  of  oupper  la  u«ed.  *tui  being  lical«d  in 
»doU-r«d,  wliilc  it  is  a\i\\  ata  tciuperalurucf  iiUut  213°,Bt  wiilcli  de)[rM  of  liaM 
iht  Mt»iiic  lubfltancc  is  lUppoii'd  net  to  'Ivcuiupoec.  Tlic  nb?«r|iliwi  of  noJiCar* 
hy  Um  «xi<Jo  of  copper  u  Utua  )iTCTtnt«d  duriaj;  tbe  filling,  which  la  dona  as  M- 
lova: — ^uMoain^  tu  oottboftion-txibe  to  be  1(1  inehM  long,  the  lower  3  liubM 
1  Tith  09Bn«  oiid«,  and  tbtn  a  colama  vf  fiu  oiida  wguld  ba  in* 
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If  the  oxide  of  copper  employed  is  very  finely  powdered,  there 
ht  danger  that  thf  c«liunn  will  not  be  eulEcicntlj  porous  to  ftUow  ku 
ensy  diAongugemoiit  of  gas;  aud  a  smuU  caiial  must  therefore  he 
mii4o  in  t)ic  u))por  part  of  the  tuho  tliroochout  its  whole  len^h, 
'lich  i»  tajiily  eff«clcd  by  carefully  dropping  the  tube  lengthwise 
h*  Bmooth  tabic,  and  perhaps  applying  *  few  alight  shocks  at  the 
Caods. 

As  the  oxide  of  copper  during  this  mnnipiilatiori  has  almosc 
always  iittracted  uu  appreciable  quantity  of  moisture,  this  must  be 
removed  if  the  exRct  ftinourt  of  hydrogen  in  the  Bubstance  is  to  b« 
debermiDod;  which  i»  effected  by  placing  thecutnLustion-tiibc  in  a  tin 
Temol  V  (fig.  612)  filled  with  hot  watcr^  and  made  to  commutticste 

with  a  small 
air-pump  P, 
to  the  second 
tubulure  of 
which  ifi  fit- 
ted a  tube  T, 
filled  with 
pumice-tttooc 
sualediDBul- 

Ehuric  acid. 
■y  working 
the  pump  ae- 
reru  timeB, 
and  each  tixu 

ftllowing  the  air  to  enter  which  wm  dried  by  pusitig  through  the 
tube  T,  the  hygroscopic  moisture  is  completely  removed ;  but  the 
process  can  only  he  employed  when  the  organic  substance  docs  not 
give  off  eenably  any  vapour,  in  vacuo,  at  n  temperature  of  21W, 
and  when  it  canntJt,  undur  tht-si:  circum-stances,  either  give  off  water 
or  d<?comuoei?.  In  any  other  enav  llio  proccBS  of  desiccadoD  just 
mcntioneci  could  not  he  etaplojed,  and  recourse  must  bu  taken  to 
the  use  of  coarser  and  more  highly  calcined  oxido  of  copper,  whilo 
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lerieil,  oacupying  abaul  (J  inoliet :  artor  wtiiuli  Uis  urganic  eubBtuiet  ii  inUwla 
bjr  iuBoriLugUie  tnboooDtainiiiK  U  in Uie cumliuiition-inbo,  uiil  allnitiiigtliedl 
quntitiiv  Vi  fftlt  out;  nficr  tihioh  Uic  nmnll  tube  it  c-orkct).  anil  *iibMiqa. 

WiKlieit  to  DDctTtoin  tlic   amount  of  lutntoncD  txlrncl«<i.     TliD  uoDibiulitMl- 

!>  then  1i11f<t  «itb  another  column  vf  8  iDcbM  of  fiii«  oiiJc  of 'Ctip|)er,  uid  UiC  ni^ 
putia  Bubalanee  )■  niti«(l  up  IboroagtiW,  hjr  meant  ortbo  aplnltf -IwUUkI  end  of  ft 
ImtgkBil  p1eancopjiDr«lre,wUh  the  comma!' aroxidebetowuid  beii«aUi  It;  whJeli 
ia  Muilf  ilrinD  b]r  anocemlifljr  aerowtng  tLo  «iie  iloim  to  the  layer  of  foBfSO  oiM», 
mnt?  wnrkitiR  it  barkvnrd  bii4  forwird  for  aliout  &  minuica :  the  lubn  belaj  Md 
with  a  oloth,  because  tbe  axiilo  baa  th«  temparalure  ot  boiling  Kat«r.  AnotlHr 
iaA  of  pare  Que  oxide  b  then  eddcd,  an<l  iho  lubo  i»  corked.  Tluin  wltl  Ui«a  ba 
coatalmd  In  ibo  tube,  let,  two  luchcn  of  c^mtf-e  oxide:  Sdlj-i  tvohe  Incliea  of  ma 
iatlnikte  mixture  of  fine  oxide  sad  tht  orgiuiio  lubilaDca ;  9dly,  one  incli  of  Snt 
oit'to :  and,  IbaUj,  a  free  naco  of  ona  ibch,  tu  allow  of  Totidttteg  tbo  whole  W 
liunn  jKtron*  bjr  ibaking. —  W.  /..  /'. 
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the  muturc  must  b«  made  in  tlio  UMrtar  as  rapidly  m  possible, 
'kbing  cart!  to  bold  the  breath. 

Tlio  combostioQ-tubc,  after  being  charged,  u  enveloped  with  a 
~"  thin  rihbon  of  brass,  prcriotulv 

anacaleil,    and    fastODed    with 
■^^/  copper-wire,  as  ropreoontcd  in 
*■*  613.  tig.  til3,  n-fier  wliich  the  inbe, 

ima  protected,  may  be  healed  to  a  very  high  t*mperatur«  without 

ne  cflsnbnstioa-tubo  bdng  placed  on  a  long  sheet-iron  furnace, 


fig.  M4. 


F^.  OK. 
escaping  from  thi> 


(fig.  614,) 
the  appa- 
rattu  in- 
tended to 
absorb  wa- 
ter is  fitted 
to  it  by 
mesnB  of  a 
very  well 
dried  cork.  The  apparatuB  oon- 
8i«t8  of  a  tube  filleil  with  pieces 
of  chloridf  tif  rakiiim,  arranged 
as  in  fig.  t>1.5,  while  plugs  of 
cottoD,  placed  at  a  and  &,  pre- 
vent the  siunll  particles  of  <uito- 
Tlic  cork  a  ia  covered  with 


le  from  escaping  from  thi;  tubf 
M«ling-wax,  in  order  ihnt  it«  weight  may  not  change  by  nb^orhing 
or  exhaling;  moisture,  if  any  cxicti^d  in  tlic  air.  A  U-tube,  filled 
witJi  piimiCTMitonp  soaked  in  rnnrontrated  Bulphnrlr  acid,  is  60mc- 
timefl  substitnted  for  the  tiibo  ontaitiinp  ohlonde  of  calcium. 

The  carbonic  acid  formed  hy  combustion  condeniica  in  a  concen- 
trate! iM>Iution  of  esiwtic  pota5sa,  marking  about  45*'  Banmi?,  and 
placed  in  the  apparattid  B  {fig,  614)  described  on  page  834,  voL  i., 
wliirh  is  6tted,  by  means  of  a  caoutchouc  connecter,  to  a  lube  in- 
tended (o  (;«ndcniir  the  water.  As  it  might  he  fciirud  that  tlic 
solution  of  poLas&a,  notwithstanding  \\s  cuncc^ntrulion,  might  part 
with  a  small jiunntity  of  water  to  the  very  dry  guaoft  which  trt/ena 
il.  a  Mnall  U-shaped  tube  C,  containing  pieces  of  caostic  potassa, 
which  absorb  at  the  aumo  time  the  vapuur  of  water  and  the  email 
qnnntitT  of  carbonic  acid  which  escapes  absorption  in  the  apparatoa 
B,  is  nl!fived  to  the  latter. 

Lastly,  a  bottle  V.  the  cork  of  which  has  a  stopcock  r,  is  fitted 
to  thin  apparatas,  thi»  PRtablixhing  or  interraptjng  at  will  conunu- 
nicaiion  with  the  outer  nir.  To  the  bottle  is  permanently  fitted  a 
U-tiibe  filled  with  sulphuric  pumice-otone,  intended  to  prevent  the 
raponr  of  water  from  passing  from  the  bottle  V  into  the  tube  C. 
Pne  U-tnbe  is  not  represented  in  the  figare.) 
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Tlio  dr^ing-tube  A  and  the  vhole  of  the  opparntu?  B  and  C  harv 
ing  bocii  Previously  txuctly  weij^lied.  their  iiicre&fie  of  vieight  during 
the  expennienl  gives  respectiv«Iy  th«  qnantiiy  of  wnior  aud  of  car« 
b«mo  ucid  formod  hy  combufltioB. 

When  the  apparatug  is  arranged,  the  &nterior  portion  aF  of  tha 
O0iiDl>U8tiot)>tTibc,  which  oontainii  only  pure  oxide  of  copper,  ig  buf- 
rounded  by  burning  coals:  and  in  order  that  the  heat  may  not 
eoituniiii)(!iit<>  by  mdin^tion  to  the  parts  of  the  tube  containing  th« 
mlxtore  of  oxide  aud  organic  niattrr,  a  double  screen  F,  nuule  of 
^^  Bbeet-iron,  and  ntpTOBonted  in  fig.  tillj,  in  interpofted.  Whcm^ 
J^^  the  anterior  portiao  of  the  tubo  is]  heated  to  rcdne^,  lh« 
^Hfl  conlfl  are  gradtULlly  mOTed  tuward  tie  part  containing  th« 
%%  mixture  of  oxide  and  orgnnic  matter,  the  rapidity  of  ix>ovui( 
Rg.  610.  the  coals  being  gmded  by  the  evolution  of  gaa  which  is  ol^ 
served  rising  in  bubbles  through  th«  potash  app&rattis,  and  nhidi 
nhouhl  never  follow  lio  rapidly  as  not  to  alloiv  the  counting  lh« 
bubbles  ■which  traverse  the  apparawa  B.  This  is  continued  until 
the  tube  !.■)  completely  nurrnmidcd  with  couU,  when  the  confaiutioil 
ifl  terminated,  ami  the  evolution  of  the  gases  coaaes,  and  very  soOQ 
the  potafwa  ascends  into  the  globe  ithieh  cuaimunicatca  witb  the 
drying-tube,  in  consequeucG  of  the  abfiorption  of  the  carhonie  acid 
contained  in  tbiit  globe.     Tlie  globe  apparatus  is  then  moved  from 

.  the  pogitiou  of  fig.  617  to  that  of  fig. 

1318,  and  if  the  globes  are  of  suitable 

dmiensioiiB,  the  solution  of  potasea  will 

certainly  ascend  to  the  drying-tubei 

(§  260,)  and  very  soon,  the  abso: 

of  carbonio  acid  cootinuiag, 

of  air  re-enter  the  apparatus,  _ 

through  the  eolation  of  potn^ga. 

coala  surrounding  the  end  c  of  the  combustion-tube  arc  then  r©. 

moved,  uud,  wlion  the  latter  is  nuflicietttly  cooled,  its  point  is  broken. 

with  a  pincons  (fig.  61!) :)  when  the  gaa  in  the  apparBtu 

being  rarefied,  the  outer  air  enters  through  thp  broken 

point  aud  e^tabUfhee  the  cqailibrium.    A  tube  S,  (fig.  620,) 

containing  pieces  of  caustic  potaatia,  and  famished  witb  a 

caoutchouc  tube,  nhich  it  is  sufficient  tj>  presa  agaiuat  the 

Pi    fin  '^tim'^'U^tioR-lube  to  rendcrlhc  ojionbig  tight, is  thenadapled 

*■    "to  the  point ;  after  which  the  stopcock  r  of  the  bottle  V  ii 

closed,  ujid  by  opening  the  stopcock  r*  the  water  in  tliis  bottle  is 

allowed  slowly  to  «»cape.  The  atmo- 
Ephoric  air,  freed  from  moisture  and 
carbouic  acid  by  its  pae^ge  through 
the  tube  S,  removes  tliu  email  quan- 
tities of  vapour  of  water  and  carbonic 
acid  which  still  remained,  and 
re  condenai 


FlR.  817. 


Fig.  018. 
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Wlien  about  1  litre  of  water  has  eacapecl,  tlie  nppn,rn.tnti  in  takon 
apart,  -weighed,  aad  tlic  carbonic  acid  aad  wat«r  fonoed  darmg  com- 
iKuttion  exactly  aaoertaiacd,  whence  the  qaantitj  of  carbon  and  h^r- 
drogeD  contained  in  the  organic  matter  can  be  calcalat«d.     As  we 
have  Boppost'd  the  mihstiince  8iibjcct*'il  to  anatjNiii  to  contain  only 
carbon,  Iiydro{»on,  and  oxygon,  the  oxvccu  may  he  oVtainfd  differ- 
entially, that  in.  by  iiulitnictiag  the  wcigat  of  hydrogen  and  carbon 
noited,  from  ttmx  of  tho  8ut>stniico  subjected  to  analysis- 
It  frv^iucutly  bappi-ii»  tlint  it  is  difficult  to  completely  burn  or- 
ganic substances,  either  becnitse  they  cnnnot  bo  intimately  mixed 
■with  tbo  oxide  of  copper,  or  becauee,  by  being  decotnposed  by  boat, 
they  leave  a  charcoal  of  difficiilt  cambastion,  which  is  goiuetimcs  d»- 
poeiCed  in  tbe  upper  portion?  of  the  ccmbostioti-tubc,  out  of  contact 
of  the  oxide  of  copper,     [n  this  case,  it  becomes  necessary  to  terrai- 
nato  the  oomlmation  in  a  current  of  oxyften ;  for  which  purpose  ft 
miztare  of  2  or  8  gm,  of  diloratc  of  potassa,  coai-nnly  powdered,  and 
15  or  20  gra.  of  oxi Jo  of  copper,  is  introduced  into  the  bottom  of 
the  eombufition-tiibc,  while  upon  this  is  placed  a  column  of  8  or  4 
centimetres  of  pure  oxide,  then  the  loiiture  of  oxide  of  copper  and 
the  organic  sabetancc,  and  lastly  the  tube,  is  filled  with  pure  oxide. 
The  apparatus  U  arrangod  as  has  been  ilcscribwt.   When  the  organic 
matter  haa  been  compictoly  burned,  and  the  hot  coals  surround  the 
tube,  ereu  as  fur  as  the  extreme  portion  which  contains  tlie  chlorate 
of  potassa,  some  coals  arc  carefully  moved  toward  this  end,  in  order 
to  «i»engagc  uxyKcn.    The  first  portions  of  the  giis  arc  absorbed  by 
the  copper  reduced  by  combustion,  and  it  is  only  after  the  entire  oxi- 
dation of  this  metal  that  free  oxygen  Icgins  to  paaa  through  the 
tnbe,  and  eare  most  bo  taken  that  its  evolution  be  not  too  rapid. 
The  organic  matter  is  necessarily  entirely  burned  in  the  atmosphere 
of  oxygon,  and  the  carlionic  nnii!  produced  is  carried  by  the  euiTent 
of  oxygen  into  the  absorbing  appiu'atus,  wliich  renders  the  aspirator 
tiBeles«. 

The  chlorate  of  potassa  should  have  been  previously  fiwed,  in  order 
to  free  it  from  organic  substances  and  mointare.  In  this  method  of 
operating,  it  may  be  feared  that  tJie  ehloratt',  by  contact  with  the 
oxide  of  copper,  may  give  off  a  small  cjnantity  of  cliloriTu^  wliich  is 
not  completely  retained  in  the  combuBtion-tube ;  niiich  difficulty, 
however,  is  rcraedii-d  by  using  a  longer  combustion-tiibo,  and  placing, 
in  front  of  the  oxide  of  copper,  a  length  of  8  or  10  centimetros  of 
litharge,  which,  at  a  rcd-hcat,  retains  tnv  whole  of  the  chlorine. 

Sometimes  th«  oxygen  is  prepared  in  a  small  separate  retort, 
irtiich  is  modo  to  connect  with  the  email  end  of  the  tube,  instead  of 
efolving  oxygen  by  means  of  the  chlorate  of  potassa  placed  in  the 
combustion-tube  itflolf- 

Although  the  majority  of  organic  substance!)  will  bum  completely 
by  contact  with  oxide  of  copper  alone,  it  is  always  prudent  to  per- 
form one,  at  least,  of  the  combustioQS  witli  the  addition  of  chlorate 
Vm,.  11.— 2  G 
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of  i>otttS$ii,  in  order  to  ascertain  whetltcr  tho  nmonntof  < 
has  not  been  too  small  in  the  prccediiig  analyses. 

§  ]  2V2.  If  the  subBtnoce  to  he  analjxod  is  liqaid  and  non-vo 
as,  for  example,  a  fixed  oil,  it  is  w«i(;hril  in  a  sinatl  tube,  closed 
nne  end,  and  inlroduced  into  tlie  comhui^tion-tabe,  after  barii 
poured  into  tbc  lalttr  a  column  of  oxide  of  copp«r  of  4  or  5  cent 
metrefi  in  lipiglit ',  after  which  tho  tube  ia  inclined  so  as  to  spr 
the  oil  over  a  oortain  extent  of  its  sides,  and  then  entirely  filU 
witli  oxido  of  copper.    It  frequently  bappt^iis  that  complete  coiabli 
tiou  is  not  effected  by  the  oxide  of  copper  alone,  and  mast  be 
minated  in  a  current  of  uxygcu. 

Greasy  and  easily  fusible  tiiibstuDces  should  not  be  triturated  wit 
tlie  oxidfi  of  copper,  bccaaac  Homo  particles  might  lulherL-  to  the  diom 
tttr  and  pestle ;  but  a  suiiable  (|U!iiitity  of  the  mutcrial  should,  i 
tliis  cusc,  rather  b<:  mcrtteil  in  a  nrnidl  {^hiss  bojit,  made  of  a  pioc 
of  tube  divid<<d  loii^itudiuuli;^.  utid  iutroduced,  after  being  weigli 
into  the  tube,  at  the  bottom  of  -which  the  oxide  of  copper  ia  plM 
By  heating  that  purlton  uf  the  lube  wbich  eonlnins  the  boat,  tfat 
grease  melts,  ond  flows  over  a  certain  extent  of  the  tube,  which  t| 
then  to  be  filled  with  oxide  of  copper.     It  is,  in  tbis  case,  equal 
prudent  to  terminate  the  combustion  in  a  oun-cnt  of  oxygen. 

§  1218.  Volatile  liquid  substances  arc  neighed  in  glsas  ball 
(fig.  021)  hermetically  sealed,  the  manner  of  mnklng  wbicb 

^'•'^^  been  deeci'ibed,  (§  6i'l',)  and  the  manner  of  ] 

'"^^^  filling  them  in   ^209.       It  iR  essential  no 

^'^-  ''■'■  to  bring  the  bubbles  in  contact  with  Uie  ho 

oxide  of  copper  after  they  have  lieen  opened,  mi  vapours  aOectii: 
the  acciiracy  of  the  analyeis  would  infallibly  be  produced.  ~ 
tab«  of  nearly  tho  same  capacity  are  uned,  and  one  of  tbem  bn[ 
filled  with  recently  calcined  and  still  hot  oxide  of  copper,  is  closed 
and  allovred  to  cool  completely;  while  into  the  sccoud  tube,  wliicl 
is  to  serve  us  a  uombustJon-tubc,  a  colunm  of  4  or  5  ociitimeireia 
oxide  of  copper  \a  introduced,  ond  uftt-Twiird  the  bubbles  arc  iusertcd 
of  which  one  of  the  points  is  broken ;  and,  lastly,  ibe  secoud  tul 
is  filled  with  tlic  oxide  of  copper  whicli  has  Icon  allowed  to  cool  ' 
tho  fir^t,  nud  is,  cou£e(|ucntly.  free  from  moisture.  It  Is  better, 
sucb  analyses,  to  uae  coarse  oxide  of  copper,  mixed  vrith  roafetodi 
turnings,  because  this  oxide,  even  when  it  completely  fills  the  seoj 
tion  of  tlio  tube,  is  sufiicicntly  porous  to  afford  an  easy  pmmge  fa 
gaAcfi  and  vapours.  The  ubsnrbing  apparatus  )8  arranged  as  ustMJ, 
but  the  operation  is  conducted  hh  rapidly  as  posaime,  in  order] 
that  tbe  vapoum  of  the  volatile  substance  may  only  have  timarl 
to  reach  the  anterior  part  of  the  combu.<ition-tube,  wlucb  is  heatodl 
to  redness,  while  the  piirt  containing  the  bubbles  is  protected  bj 
several  screens.  When  the  oxide  of  copper  ui  red  for  s  length  of] 
sevorol  dedroetres,  some  coals  arc  carefully  moved  toward  the  parll 
coataiiiing  the  buhbtesj  while  the  distillutiun  of  the  subataac 
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rogulftt«il  by  tb«  poeitioii  of  the  coals.    The  Tapoura  burn  wkUe 

[travening  die  oxido  of  copper ;  and  when  oomhuiitton  ceaM«,  the 

is  »iirroazid«d  irith  burain^  coals,  and  heated  throu>[hoat  its 

lole  length,  aft«r  vhiclt  the  vxpcritneat  i»  tcrminnterl  a»  uMia). 

If  the  ButMtaDoe  to  bo  tLnnlyzod  i»  voi-y  Tolutilc — if  it  boils,  for 

sxampic,  nt  a  temperature  below  122"  under  the  ordinary  pressure 

>f  the  atmosphere — it  is  difficult  to  obtaiu  au  uxact  aaalysia  by  the 

process  just  utatcd.     Tlii;  vapuura  of  tho  sabiitaiica  cannot  be  pre- 

rented  irom  penetrating  tho  anterior  part  of  the  eombuHtiun-tubo, 

before  thie  purt  is  heftt«d  to  rcdncw,  aod  they  thus  cacapv  combus- 

tioa  and  rentier  the  iinnlyHis  innccarate.     The  experiroest  t»  tb«n 

mrranged  in  tbc  following  maimer: — The  cotnbustion-tubo  is  drawn 

out  at  iw  poHlerior  portion,  fui  as  to  form  a  tabulure  c,  while  the 

^Jiqnid  to  be  aoaljzed  ia  contained  in  a  globe  U  bent  into  tho  form 

of  a  retort  (6g.  622)  and  terminating  in 

two  eloaed  pointa,  one  of  vhich  enters  the 

liibulurc  of  a  combustion-tube  previously 

^^  filled  with  oxide  of  copper  and  arrang«d 

Fig.  622.  (j„  jtj,  ghoot-iron  furnace.     The  globe  is 

liertiir>:i('nlly  faatenod  by  caoutchouc,  while  the  urdiimryoondensent 

are  fitted  to  tho  combu«tioD-tubc,  which  is  eurroundod  by  burning 

coala.    When  (he  whole  length  of  tho  tube  in  red,  the  anterior  point 

«f  the  globe  is  broken,  bj  prcs«ioc  it  against  tho  sides  of  the  tubu- 

lure ;  and  if  the  liquid  ia  very  volswe,  it  wmctimea  boiU  iroiocdiately, 

Bmd  the  analysis  may  fail  in  consequonco  of  a  too  sudden  evolution 

Hn  gaa.     If  Ruch  an  accident  is  to  be  feared,  tho  globe  ehonld  bo 

^nurrounded  by  a  refrigerating  mixture  before  breaking  the  point ; 

^^hen  the  cballiljon  is  easily  regulated,  cither  by  heating  the  globe 

with  the  hand,  or  by  hot  coals.     ItVhen  the  wbolo  of  tho  liquid  is 

distilled,  and  the  abitorpUoii  of  cnrbonio  acid  causes  the  [jutaaxu  to 

Hcend  into  tho  globe  apparatus,  the  second  point  b  of  the  bubble  u 

burst,  whuQ  the  external  air,  entering  the  combodtion-tube,  carries 

into  it  the  last  portionn  of  vapour  which  remained  in  the  bubble. 

The  latter  is  then  detached,  replaced  by  tho  tube  S  filled  with  pic«M 

of  potassa,  (fig.  6'20,)  and  lastly,  water  is  allowed  to  escape  from  the 

upirator-bottlo  to  terminate  the  analysis  in  the  ordinary  wny. 

$  1214.  We  will  suppose,  lastly,  that  the  organic  siibRtance  to  be 
aaalyicd  in  gaseowi,  and  that  it  cannot  be  coudenaed  in  a  r«frig&- 

irsting  mixture  at  —20",  in  which  case  it  could  still  be  analyzed  by 
Ihe  proceswa  described  for  very  volntile  liquids ;  and  tho  proceeding 
of  the  analysis  is  then  as  fidlows: 
When  the  gas  contains  only  carbon  and  hydrogen,  its  analyius  can 
be  T«ry  readily  made.  The  apparatus  is  arranged  as  for  the  analysis 
ef  very  volatile  liquids,  and,  when  the  combustiou-tubc  is  heated  to 
rednfiso  throughout  its  whole  length,  the  disengf^ing-tubo  of  the 

■hich  produces  the  gas  to  be  analysed  is  fitted  to  its  tu- 
eans  of  caoutchouc.    Tho  gas  bums  when  in  contact 
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\rith  the  incftndcacent  oxide  of  copper,  while  the  Tapoor  of  iratet 
and  carbonic  acid  arc  arrcMted  In  the  ordinary  condensers;  and, 
when  a  suflicient  quantity  of  gas  is  suppoet'd  to  be  burnod,  tie  dis- 
engB^ctDTnt-tahe  ithich  convoys  the  gaa  is  detached,  and  water  al- 
lowed to  escape  from  the  aspirator-buttle,  in  order  to  burn  the  last 
ptniioDB  of  ga«  which  remain  in  the  cumbutttioQ-tubc,  und  drive  tbeir 
products  mto  the  condensers.  This  experiment  gives  ihoweigbt  of 
r-earbon  and  hydroccu  cout&inc-d  in  the  gaa  burned ;  but  oi  tho  v«^t 
of  this  gas  is  not  Known,  it  is  e^Hdent  that  only  the  ratio  between 
the  weight  of  tho  hydrogen  and  carbon  can  be  inferred  from  it, 
which,  liowevcr,  will  give  a  sufficient  cine  aa  to  the  cotnpOMtioB  of 
the  gaa. 

It  ifi  better  to  operate  bo  as  to  aeccrtain  the  voliinie  of  the  gaa 
Bubjectod  to  experiment,  and,  ci)nsei)uently, 
alBo  its  weight,  if  ila  denHity  han  been  oe- 
termint'd  by  previous  exptTiment,  in  which 
case  the  process  can  niso  bo  applied  to  gases 
containing  oxygen  and  nitrogen.  For  this 
purpose  Uieapparatusrcprcsentedin  iig.633 
18  uHed.  The  plpe'tt«  ah,  containing  400  or 
500  cubic  centimetres,  terminates  at  its 
upper  part,  in  a  straghi  tube  cr,  to  which 
is  lilted  a  «tccl  tubiilnrc,  having  a  stop- 
cock r,  while  the  lower  tube  a/of  tfcc  pipette 
is  luted  to  one  of  the  tubulures  of  a  cast- 
iron  piece  having  a  utupcock  II,  furnLshed 
with  a  second  tubuluro  ff.  A  tube  gh,  open 
at  both  cuds,  i»  luted  to  the  tubulure  ^,  and 
the  whole  npparntus  is  fastened  to  an  up- 
right board.  The  stopcock  It  ha«  three 
aperture«,  as  figures  624,  625,  and  62C 
show  whieh  represent  transvcreo  sections 
of  the  stopcock,  in  the  three  principal  po- 
sitiuns  which  may  bo  given  to  it.  Xd 
Sg.  ti24,  the  branches  hfanigh  commtmi- 
cate,  and  in  fig.  625  the  branches  hf,  gh  communiealo  with  each 
odlMT,  and  with  the  external  air  by  tho  tubulure  (,  while  mercory 
eaeapw;  and  lastly,  in  fig.  026  the  branches  do  not  communicate 


I 


k 


Fiff.  «23. 


ng.  031. 


FU.  6C6. 


Fij.  62fl. 


I  vith  each  other,  bat  the  hranch  hf  commuoicatM  with  the  external 
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air  hj  Uie  tubulure  i,  wlulu  tho  mercury  contained  in  thja  branch 
&loae  escapes. 

Tho  stopcock  R  bouig  in  the  position  of  &f^.  634,  aad  the  cock  r 
being  open,  the  uppu.raLiiit  is  filled  with  mtTcnrv  through  the  tube  ak  ; 
and  when  it  begin*  to  eccnpc  through  tho  tubulure  r,  the  cock  R  ia 
brought  to  the  jKisition  of  fig.  tJiJ'j.  and  tho  morcury  whiclj  vscapoi 
is  collected  in  »  bottle.  I'ho  lovpi  of  tho  mcrcory  h  alloweJ  t* 
fall  uatll  it  exactly  rttjifhci*  the  mnrk  a  on  the  tul>o  fa  ;  and  tho 
capacity  of  the  pijictti-  h  tlii-n  iuffrroil  from  the  weight  of  tbi>  mor- 
cury. Tho  Bppiiratiis  is  then  again  lilktl  with  mercury,  und  tho 
tabulare  r  made  to  commumcato  with  the  appaj-atui;  which  diBengugea 
the  gaa  to  be  analysed.  Aa  tlic  gas  ia  produced,  mt-rcuTT  la  allowed 
to  e«c»n«,  BQ  na  to  fill  the  pipette  with  ga&  to  just  below  ttio  mark  a.; 
after  which  the  slopc-ock  r  la  closed,  the  chemical  apporatua  whicn 
eroKes  the  gas  removed,  and,  bringing  the  cock  R  to  Inc  position  of 
fig.  624,  mercury  is  Rarefully  poured  into  the  brunch  gh^  so  a.^  to 
bring  the  IcypI  exnctly  to  a.  By  aiMing  the  difl'cronce  of  height  & 
between  the  levela  of  mercury  in  the  two  branche.><  6f,  yk,  which  is 
then  measured,  to  the  height  H  of  the  mercury  in  the  barometer, 
the  prestiure  (1I4*A)  to  which  tho  gxt  in  subjected  is  obtained,  while 
the  thermometer  T  (fig.  fJUit)  showa  its  temperatare.  If,  therefore, 
the  density  of  the  gns  bo  known,  itH  wciglit  can  tie  easily  cnlculated. 

In  order  to  burn  the  gas,  it  suffices  to  cause  tho  tubulure  r  to 
communicate  with  tho  pointed  tubulurn  it  of  llie  combiiKtion-tube 
lieated  to  redness  (fig.  ^14)  and  furnished  with  its  ordinary  con- 
dsDoing  apparatus.  The  stopcock  r  being  carefully  opened,  mer- 
cnry  is  poured  into  the  branch  gk  by  means  of  a  funnel  which  only 
allow!)  the  proper  quantity  of  merciu-y  to  escape ;  and  a»  aoon  as 
the  pipette  ia  entirely  fillod  with  mercury,  so  that  the  latter  reaches 
the  stopcock  r,  this  cock  Lt  closotl,  tho  apparatus  of  fig.  023  rc- 
moTod,  and  tho  o[)L>niiiou  ternuQated  aa  uHual. 

$  Vl\b.  In  tho  procct»0H  juat  dotortbed,  the  weight  of  the  carbon 
ia  inferred  from  that  of  the  carbonic  acid  absorbed  by  the  potas«a ; 
H  may  also  bo  determined  by  mcasoring  the  volume  of  ga«,  by  whicb 
method  the  first  exact  analyse*  of  organic  subHiancea  were  made. 

The  hydrogen  and  carbon  arc  then  determined  separately,  the 
determiuaiiou  of  [ho  former  being  made  m  ibu  ordinary  manner,  ly 
bomiiig  the  organic  matter  with  oxide  of  copper,  and  collecting  the 
water  produced  in  a  tube  filled  with  pieces  of  chloride  of  calcium, 
and  fitted  to  the  combuatJon-tMbo  by  mean?  of  n  cock.  The  determi- 
nation of  carbon  is  pvrfurmed  in  an  apparatus  represented  in  fig.  t>27. 
The  tabe  ah  contains  the  mixture  of  tho  organic  substanoe  witli 
oxide  of  copper,  and  at  its  anterior  porUon  contains  pure  oxide  of  cop- 
per ;  while  a  tent  tube  cdtf,  tho  two  vertical  legs  of  which,  de,  «f^ 
descend  to  the  bottom  of  the  tcst-gtass  AB  filled  with  mercury,  is 
fitted  by  means  of  a  cnck,  to  the  combiwtifin-iube,  which  therefore 
CQEomimicaiej  with  the  external  air  by  the  tube  ed«J.  A  bell-glaM  Cj 
SflS 
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divided  into  cubic  ««DtiinctreR,  and  or  which  the  aides,  after  being 
wiped  with  tisaue-papcr,  retaiu  sufficient  irater  to  aal.iirate  the  «r  re- 

maitiiiig)Dthebell-gla&$ 
vith  ranifitiiro,  ispuBed 
over  the  leg  ef.  Before 
fitting  the  brvDcb  c  toj 
the  comhiutioit'tDbayl 
the  bell-glaes  C  ta  i 
to  descend,  until  a  vc 
HmaU  volume  of  air  (ut 
c.  c.  for  example)  i 
remuiiis,  iho  mereary^ — ^ 
being  on  v,  IctvI  in  tli»^Hi 
bell-glass  luid  the  vir — — 
calar  space  comnriiiecL .  . 
between  the  boU-glaag^^ 
and  the  t4.-flt<glnM.  Tho^ 
cockcis  tlioti fitted 
the  apparntns  at 
to  attaio  the  tempera 
tore  of  the  sinrouafi 


Fig.  027. 


ing  medium.     The  tcmpurature  t  iind  the  height  of  the  baromf 
H,  hoing  noted  down,  we  will  designate  hy  o  the  volume  of  air  in' 
^e  combiifltinn-tuhc  and  in  the  tube  cJf/;  by  /  the  elastic  force  of 
the  vapour  ef  water  at  the  temperatue  t.  \i)ivn  the  volume  of  air  ial 
the  upparatiu,  supposing  it  to  be  dry,  reduced  to  82'^,  aud  aadoFJ 
the  pressure  of  0.760  m.,  29.922  inches,  will  bo  »f 

The  orgaikic  matter  is  ttien  subjected  to  combttstion  ;  and  Mi 
hemic  aciil  is  ilisengaged,  the  bell-gliiSB  C  is  raised,  in  ordOT  to  ' 
the  Burface  of  the  aicrcury  in  llic  bell-glara  nearly  level  witl 
that  in  the  tcst-glnjiit.  When  the  combustion  w  terminated,  it 
coals  are  removed,  and  the  apparatus  alloved  to  fall  to  thesni^] 
rounding  temperatiu-e  t';  after  which  the  mercury  inside  is  hrongl 
exactiy  to  the  level  of  that  outside,  by  raising  or  depressinjf  th4J 
bel i-gla-vi,  or  by  pouring  mercury  into  the  test-glaao.  Liiatly,  the' 
volumo  V  iicciipied  by  the  gas  in  the  bell-glass  ia  marked,  as  well  ai  ; 
the  beiglit  11'^  of  the  harometer.  TIic  volume  of  gaa  in  the  np. , 
pumtus,  reduced  to  dryness,  at  the  temperature  of  32^,  and  uude^  i 
a  prossoro  of  O.7ti0  m.,  will  be — 

^"^  ^ t  i-H-Kon.r      iw    ■ 

and  the  volume  of  ca-rbonic  acid  formeil  by  cnmbustion,  when 
and  under  nurauil  conditions  of  pressure  and  temperature,  is  therefor 
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In  order  lo  obiaJn  lh«  ireiglit  of  carbonic  acid  fumislied  by  the  or- 
ganic nu«t«r,  it  is  sufficient  to  multiply  this  volume,  in  cubic  centi- 
metres, by  tbe  vfciglit  0.0t)lS)7"4ia.  of  1  culic  ccatimetrc  of  ciir- 
l>ooic  ftcid. 

The  determination  of -carbonic  acid  by  volamo  is  much  more  deli- 
cate than  that  by  freight.  It  is  essential  that  the  abspe  of  tlie 
combuaLiou-tube  enould  not  be  altered  during  the  oembusliou,  m&  tins 
would  cbungc  the  volume  i> ;  and  the  volume  of  gas  at  the  close  of 
ihe  uxuoriiuciit  iiui&t  tiot  be  meuaured  iiutil  lL«  cumbu3tioti-tube  at- 
tauu  toe  surroiindiRg  temperiLtiire,  which  often  requires  a  long  time. 
La«Uy,  it  ia  nec'Cssary  to  use  very  co&rse  oxide  of  copper,  for  finely 
divided  and  f««bly  calcined  oxide  abHorhs  carbonic  acid,  in  the  pre* 
KDCe  of  moisture,  when  it  falls  to  the  orditiary  temperature.  All 
lite»e  difGcultie.>i  have  ciuutcd  tbid  method  of  analysis  to  be  neglected, 
although  ita  rt-sulu  are  uccurate  in  the  hands  of  a  skilful  mant- 
palator. 

S  1216.  'When  tlic  orf^anlc  euhHtunco  contains,  at  tbe  same  time, 
carbon,  hytlrogen,  oxyj;ou,  und  nitrogen,  ibo  determination  of  carbon 
and  hydi'ogen  reijuires  pc>culia.i-  care.  A  portion  of  the  nitrogen 
wfaicb  a  set  free  diu-ing  the  combusUon  of  the  eubetance  by  the  oxide 
of  copper,  does  uoL  affuct  the  rcsulla  of  the  analyid!*,  whik'  anotlier 
portion  is  converted  iuto  dcutoxidc,  which,  being  changed  into  oitroiis 
gas  by  contact  with  the  oxygen  of  the  air,  condeusea  partly  in  the 
tube  which  abtwrbs  tlio  water,  and  partly  in  the  potato,  rendering 
the  anolyaia  uiaccurale.  This  is  avoided  by  placing  near  the  orilic« 
of  tbe  combnalion-tubc  a  column  of  metallic  copper  of  about  2  do- 
cimctros  in  length ;  vhen  the  gneoa  vrhich  anae  from  combustion 
traversing  the  incandescent  copper,  before  reaching  tbe  absorbing 
tnbea,  the  osidea  of  nitrogen  are  decomposed  by  giving  off  free  ni- 
trogen, wliilo  the  ciirhoiiie  acid  and  water  undergn  no  change.  The 
metallic  copper  ui«ed  to  decompose  the  oxide  of  nitrogen  is  prepared 
by  roasting  copper  turnings  in  the  air,  so  a.%  to  oxiclize  iia  surface, 
and  then  reducing  the  soruce  to  the  metallic  state,  by  heating  the 
rottated  tuniiugs  m  a  glass  tube  in  a  current  of  hy<lrogen,  by  which 
meaju  the  surfnce  of  the  metal  beeomcs  very  porous,  and  exerts  a 
much  more  powerful  reducing  action  than  if  it  were  smooth  and 
polished. 

If  tbe  organic  5uh»tance  contains  sulphur,  the  proccuw  of  ordi- 
nary combustion  muAt  sgain  be  nligbtly  modified,  because  the 
aolpbur,  by  burning  in  contact  with  tbe  oxide  of  copper,  is  largely 
oonvertcd  into  sulphurous  acid,  which  condenses  tbe  spparatmt  eon- 
taining  pota&ita,  thus  rendering  the  determination  of  the  carbooii: 
acid  inaccunito.  But  the  sulphurous  acid  is  entirely  retained  in 
tlio  combustion- tube,  by  placing  in  tbe  anterior  part  of  the  tube  & 
length  of  0.2  ra,  of  lithnrgc,  which,  nt  a  rcd-hcal.  absorbs  sulphur* 
0U9  acid  wholly,  provided  the  current  of  gas  be  not  too  rapid. 

It  is  alio  ncccaaary  to  plac«  a  column  of  litbj|j;ge  in  tbe  tube,  in 
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{ront  of  the  oxide  of  copper,  vhen  the  organic  sabstsacc  contaim 
ddoriae,  bromine,  or  iodine,  because,  in  that  case,  a  chloride,  bro- 
mide, or  iodide  of  copper  ti  formed,  which  ia  saflicicntly  volatile  t9 
permit  its  vapours  to  reach  the  lube  contiining  the  chloride  of  cal-| 
cium,  and  faUify  the  detcrmii]3,tion  of  water.     Litharge  dcoompoMlj 
and  perfectly  retains  these  vapowB  a.t  a  red-heat. 

fhe  tmaiys't^  of  saltR  formed  by  organic  acidii  with  mincrat  bi 
the  carbonates  of  which  are  indeoomposabic,  or  decompose  with  dli 
culty  by  heat,  also  reijmrt's  peculiar  prycaiitions.     Such  biu!«8 
the  alknlicH  and  alkaline  carthF,  which  remain  partly  in  the  combi 
tioa-tuhe  in  the  ittate  of  carbonates,  while  it  cannot  be  admitted 
that  thcT  do  so  entirely,  bccauec  the  carbonates  arc  partially  dc 
composed  by  the  oxide  of  copper,  the  aidea  of  the  tnbc,  and,  pai 
ticnlarly,  by  the  minentl  acids,  chlorine,  and  other  elements  whicl 
may  exist  in  combination  with  the  oxido  of  copper  or  wiih  th( 
reduced  coppor.     The  carbonic  acid  may  be  completely  disengagedi 
by  substituting  chromatc  of  lead  for  the  oxide  of  copper,  especially] 
if  a  ^mall  quantity  <jf  bichromate  of  pot«£sa  bo  added   to  thej 
chromatc.     Otherwise,  the  combustioa  is  conducted  in  the  same] 
tnanner  88  for  the  oxido  of  copper. 


UETEllMlNAriON  OF  NITROGEN. 

§1217.  The  nitrogen  contained  in  organic  Bnbstancoa  ib  doter>J 
mined  by  the  process  described  for  the  analyais  of  the  nitratek] 
(§  108.)  A  combuBtion-tulc  fa,  {6g.  (528,)  closed  at  one  end,  andj 
about  0.8  m.  in  length,  is  used,  at  the  bottom  of  which  about  *20  gui*| 

,  nf  bicarbonate  of  Boda  a* 

^^^^^^^t^^i^^"    are  placed,  and  above  it 
^^*^**'f^^^^^^^^^^^j*''"^     column  fin  of  pure  oxide  of  J 
'        Tig.  628.  copper,  «f  five  or  six  c«n;j 

timetres  in  length,  after 
ward  the  mixture  cd  of  tlte  organic  substance  with  oxide  of  copi 
and  lastly  a  length  de  of  0.2  m.  of  pure  oxide  of  copper.  Over 
whole  is  BUpiTimpoitcd  a  column  ff  of  0.2  m.  of  metallic  ctmperj 
prepared  from  copper  tumings  prcviou&ly  roasted  in  tho  air  ' 
oxidize  their  surface,  and  then  reduced  in  a  current  of  hydrogenj 
The  tuhL"  being  arranged  on  a  long  sheot-iron  furnace,  (fig,  629,)^ 
a  glatM  tube,  whii;h  ia  fnadc  to  communicate  with  the  tnbnliire  of  a] 
small  air-pump  1',  i«  fitted  to  its  orilicc  hiy  mean^  uf  a  cork,  whiltfl 
to  tlio  eticond  tubuluru  d  of  the  pump  a  glass  tube  drf  is  fastened,! 
of  which  the  YerlicAl  leg  ef  is  about  0.8  in.  in  length,  and  thfl 
curved  extremity  of  which  <£p8  into  the  email  mercurial  bottle  B.t 
In  the  first  place,  the  air  must  be  completely  reuiovud  from  the] 
apparatus,  for  whieK  purpose  as  perfect  a  vacuum  as  poBttillu  ig , 
made  with  the  pnmp,  and  the  stopcock  »  is  closed,  leaving  open'] 
those  at  r,  r'.    Ai^r  a  few  moments  it  is  asccrlaiiied  whether  tho 
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tpparatus  rctDtuBS  omptVi  in  irhicb  case  the  coIqidd  of  mcrcorj  in 
the  tube  ^  Bbould  romajD  absolutetjr  stationarjr.     Some  coals  are 
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brought  near  the  end  of  the  tube  contaiiuDg  the  biearboa&te  of 
ioda,  ithen  the  carbonic  acid  disengaged  drives  the  air  from  the 
tube ;  and  as  soon  a«  the  f;as  begitis  to  be  evoked  under  the  mer- 
curj",  the  aQtcrioT  part  of  the  tube,  which  contains  the  mctatlic 
mercarj-  and  a  lenj^h  of  some  oentimctrca  of  pure  oxide  of  copper, 
in  Burroandcd  with  hot  cooIb,  and  it  is  thi'U  uaccrtained  whether 
the  gafi  which  is  evolved  he  pure  carbonio  acid.  For  Ibis  pnrposo 
it  is  sufficient  to  collect  tho  gas  in  a  small  bvll-gliLSs  filled  with 
tnercurjr,  at  the  top  of  which  a  solution  of  potossa  bos  been  placed; 
an<l  if  the  eas  formed  is  pure  carbonic  acid,  its  bubbles  vill  bo  Im- 
mediately dissolTed.  Wlieu  this  rc/^ult  ia  obtained,  the  ci>als  which 
effected  tho  decomposition  of  tho  bicarbonate  of  soda  are  removed, 
and  above  the  orifice  of  the  diacnyaging-tube  dffv.  lurpc  bcH-glass 
C  19  placed,  filled  with  mercury,  and  to  the  top  of  which  fifty  or 
sixty  cubic  c«ntimetre»  of  a  concentrated  solution  of  potas^-i  haro 
been  pau^d.  The  coals  are  gradoally  moved  toward  tho  part  con- 
taining the  organic  matter,  conducting  the  operation  as  in  tho  de- 
tcnninatioD  of  carbon  and  hydrogen.  Carbonic  acid,  vapour  of 
wat«r,  nitrogen  and  its  oxides,  arc  formed ;  but  the  oxides  of 
Dttrogen  are  restored  to  the  atate  of  free  tiitrogeu  while  poasing 
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througli  tlic  portion  of  the  tu1>e  vhtch  contains  motnllic  coppi 
that  ouly  a  mixture  of  carbonifi  acid  ami  nitrogen  reaches  the  I 
claes,  iu  wUch  tie  carl^onic  acid  ia  dissolved  b;  th«  potaeea,  whiloj 
tiio  nitrogen  remiLinii  free.     Wlien  the  combastion  is  tcrminatedj  < 
the  colimm  of  pure  oxide  of  copper  'which  separates  the  carbonate  i 
of  Boda  from  the  origirml  mixture  of  oxide  and  organic  inittter  Is' 
Borrouudcd  ^ch  coala;  »nd  laytiy,  by  again  heatinj;  the  carbonate, 
a  new  CTolntion  of  carbonic  acid  im  produced,  which  completely 
drives  the  gaseous  producta  of  eombuslion  into  the  bi-ll-glaM  C. 

It  now  only  remains  to  measure  exactly  the  nitrogen  gas  col- 
lerted,  for  which  purpose  tbo  b«]l-glss8  is  carried  over  a  Iarg»| 
vepflel  filled  with  water,  when,  by  opening  the  orifice  of  the  former, 
the  mercury  contained  in  it  falls  to  tht*  bottom  of  tlie  vi'8S4?l,  and  is- 
replaced  by  water.     Tho  gas  ia  poured  into  a,  smaller  bell-glass^ 
divided  into  cubic  centimetres,  and  held  m  a  vertical  direction  by 
moans  of  a  stand,  while  tho  wat«r  on  tho  inddo  a&d  outside  of  th<^^' 
bell-gliiBS  is  brought  to  the  samt!  levol.     When  the  gas  lias  attaine^fc — 
an  equilibrium  of  tomporaturo,  iu  volomo  V,  the  temperature  f,  an<C-' 
the  height  IL  of  the  barometur  are  marked,  and  tie  weight  of 
nitrogen  gas  attained  ii  therefore 

0.00125fi2  em,  V.   ^_'__  .  £^. 

It  is  important  to  ascertain  whether  the  gas  contains  no  deutoa 
of  nitrogen ;  to  which  elTect  a  few  bubbles  of  air  are  jntrod 
into  the  bell-glass,  when  the  gaa  tnatantly  turns  red  if  it  conUund 
any  appreciable   quantity   of  deatoxide.     We  shall   siibsequentll 
point  out  the  means  of  measuring  nitrogen  mor«  exactly,  and 
accnrately  ascertaining  ila  purity. 

When  the  nitrous  substance  ia  ToUtile,  the  lenjrth  of  the  eolt 
of  pure  oxide  of  copper  between  the  mixture  of  the  oxide  with 
organic  matter,  and  the  bicarbonate  of  soda,  must  be  tncreMedj 
and  before  commendng  the  combufltinn,  both  the  anterior  part  ol 
tlio  tube  and  tho  column  of  pure  oxide  must  be  heated  to  rednew. 

Instead  of  placing  at  the  bottom  of  the  tube  the  bicarbonate 
eoda^  inleiideci  to  diacngagH  carbonic  acid,  this  end  of  the  tut 
may  be  tcraiiuated  by  a  fine  tubulurc,  which  is  made  to  commmiiJ 
cate,  bv  means  of  caoutchouc,  with  an  apparatus  for  disengaging 
carbonic  acid,  in  which  case  the  exhaustion  by  the  air-pump  may  bt 
omitted,  because  the  evolution  of  carbonic  acid  is  prolonged  until  aUl 
the  air  is  drircn  out.     When  tho  combustion  is  terminated,  the  cu^ 
rent  of  carbonic  acid  ia  re-eatablishcd,  in  order  to  drire  all  tbi 
nitrogen  into  the  belUgiaKg. 

§1218,   Nitrogen  is  also  dosed  by  another  process,  not  of 
general  application  as  the  ono  just  described,  because  it  is  D< 
adapted  to  the  nitrates,  but  wliich  yields,  in  the  majority  of 
exact  results.     Thi.<i  proccM  is  founded  on  the  fact  that  nitroni 
sub&tatieee,  with  tbe  exception  of  those  containing  nitre  or  nitre 
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beid,  when  heatod  in  oontnct  with  hjdrated  alkiUica,  rive  off  their 
nitrogtii  in  the  state  of  Ammonia,  vliich  can  be  collectod  in  an 
acid,  and  detonninod  in  the  i>tntc  of  double  chloride  of  platinam 
and  amoioniuni.  Id  order  to  effect  the  decotnposibon  of  ihe  nitrous 
ntbttance,  a  mixture  of  lime  and  hjdra.ted  canatic  itoda  is  iiseA, 
wbicli  is  preptired  b;  sUloDg  qoicklime  in  a  solution  of  caustic 
soda  cootaiabig  a  qnanuty  of  soda  equal  to  nearlj  half  nf  ibat  of 
tli«  lime  emplojed,  after  which  the  substance  is  successively  j^nnd, 
dried,  calcined  in  an  earthen  crucible,  agnin  pulverized,  and  then 
preterTed  in  a  close  bottle.  Wo  idiall  call  it,  fur  the  sake  of  sliort- 
DMS,  toda^ime. 

An  accumtcly  weighed  qoantity  of  the  organic  matter  is  mixed 
with  a  certain  quantity  of  aoda  lime,  and  placed  at  the  bottom  of 
1  glass  tube  aic  (fi^.  ti'JO)  resembling  the  tubes  used  for  the  com- 
bustion of  organic  substjui- 
ces  by  the  oxide  of  copper, 
and  tube  m  then  filled  with 
pure  Hoita  lime,  while  the 
bulb  afiparatud  A,  contain- 
ing concentrated  chlorohy- 
ric  acid,  ig  fitted  to  the  orifice  of  the  tube.  The  tube  is  cmdnallT 
surrounded  by  hot  eoal«,  na  in  the  ordinarr  combustioud  dI  orgamo 
fubstance^  the  ammnnta  produced  being  dissolred  in  the  chloro- 
hydric  acid.  When  the  dccompoflition  is  effected,  the  point  of  tho 
combustion -tube  is  broken,  and.  bv  blowing  thrrugh  the  tube  e  of 
tho  bulb  appurutu.^  the  ummcmia  still  remmning  in  the  tube  iB 
driven  into  tho  chlorohydric  nnil.  Tho  apparatus  A  is  then  re- 
uored.  the  acid  it  contains  poured  into  n  porcelain  capsule,  and 
the  apparatus  washed  Hovemi  times  with  ii  mixture  of  two  parts  of 
alcohol  and  one  of  ctbcr,  which  b  then  added  to  the  capsule,  into 
which  an  e:^cess  of  bicLlorido  of  platinum  U  then  introduced,  to 
precipitate  the  ammonia  as  double  chloride  of  ]>Iatinnm  and  am- 
moninm.  The  precipilato  is  t'olloctcd  on  a  small  filler,  wai-hed  with 
a  mixture  of  alcohol  and  other,  and  weighed  after  drying:  one 
gramme  of  double  chloride  of  platinum  and  ammonium  oootains 
D.06S49  gm.  of  nitrogen. 

This  process  of  decern  position  mny  he  modified  eo  as  to  obtain  a 
more  rapid,  and  yet  very  exact  an^ilysis,  by  placing  in  the  bulb 
appnratns  ten  cubic  centimetres  of  a  liLaiidunl  solution  of  sulphuric 
acid,  obtained  by  mixing  fil.il.'iO  gm.  of  inonohydratcd  satphnnc  acid 
with  one  litre  of  water ;  so  that  100  cubic  centimetres  of  the  liquid 
will  Botnrate  2.12  gm.  of  ammonia,  corresponding  to  1.75  gm.  of 
nitrogen.  The  decomposition  of  tho  nitrous  substance  is  cnected 
in  the  usual  way,  and  the  ammonia  disMolres  in  the  sulphnrir  ncid  and 
weakens  its  standard.  If,  therefore,  the  new  .itrcngtb  of  the  liquid 
be  ucertAined  after  the  operation,  and  the  strength  of  tlie  original 
from  it,  a  difference  corresponding  to  the  quantity 
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of  uxmonia  al^sorbcd,  and  from  which  the  latter  may  he  doiluccM] 
"by  n  rory  simple  culculation,  is  oblaineil. 

The  standnrd  of  the  acid  linuid  ib  determined  by  means  of  a 
Bohuion  of  SBCcharntc  of  lime,  that  is,  a  solution  of  CBUstic  lime  in 
sugar  and  wator,  which  dis^olvcit  a  much  lar^or  proportion  of  lime 
than  pure  water;  aiul  tlie  Bolution  may  ho  kept  iinrbiingftl  io  ir»rll- 
Btopperoil  bottles.  The  firat  step  is  to  asotTtain  tht-  nimibur  of  cubic 
centimetree  of  the  alkaline  solution  necc^8a^y  to  exactly  «itur»t« 
10  cubic  centimetres  of  the  normal  adil  eolutiou;  for  which  par* 
pose  the  10  cubic  coalimctrc9  of  normal  acid  solution  aro  poured 
into  a  beaker  containing  a  small  {juautity  of  tincture  of  litmus; 
and  then  the  solution  of  saccliaratc  of  Umo  is  added  by  means  of  an 
alkalimctcr,  until  the  liipild  turns  blue,  marking  tbe  number  N  of 
divigjons  added.  In  order  to  be  very  accunito,  the  eolution  of  lime 
nnutt  be  sufficiently  diluted  for  the  saturation  to  rcijuirc  about  100 
divisions  of  iho  liquid.  The  10  cubic  ueutimotroa  of  the  acid  solu- 
tion, which  have  ubnorbod  tbe  ammonia  di&cnguged  by  tho  deooiQ* 
poaitiOQ  of  the  nilrouu  subtituuce,  ur«  acted  on  exactly  in  the 
same  manner.  Let  m  »nppoflc  that  n  rcpruficuts  tbe  number  of 
divisions  of  Htecharatu  of  lime  uhiL-b  have  effected  the  eattiration  ; ; 
tbea  vill  0.212  cm.  represent  the  quantity  of  ummunia  absorbed, 
and  :  0.175  gm.  the  corresponding  quantity  of  nitrogen.* 


*  Dunseu  li*s  reoenUf  inlroilucsil  a  now  mothnil  tot  dfltarmiiiuig  iutra|sii, 
vfaicb,  on  account  of  it<  Pitrpme  eiBotnMS,  eepcclally  when  tbe  •nbslaSM  1|  < 
very  nitrogenous,  deserves  Io  be  dB4oriJi«iL  ' 

Aboul  ft  ccDtiBrnmoiHS  or  the  aulalun'Ce,  withuut  bciiii;  ewctly  welgliwl,  mre  inii- 
maL«Iy  mlxe'l  wltk  nbciut  fi  grBDiine>  of  fine  oxSktc  of  copper,  and  k  aiuull  ifaantitj 
of  re<luc«i]  oppi'T  ElioKs,  tnd  introduced  into  a  tci;  ttroufi  filmw  lutw,  tUacoIt 
of  fuaion.  »l  about  o  ino}i«a  in  length  nnil  }  inch«»  iatemal  diMii«tor,  an*  and  of 
vbicfc.  having  prorinualjr  beaa  dtawa  out,  in  now  cunnaoted  with  aft  MF-puaAa  , 
nni<r  thfl  oilirr  end  hag  beaa  staled,  and  the  air  ia  tot&Ur  osbausud  tnm  nm' 
inbe ;  nftcr  whl-oh  The  other  cDtl  ii  rvlto  bcrmetiealljr  aealad,  and  bot^  points  ue  i 
ttrcagtbcued  tu  ilie  n nine  by  iliickoninit  th«  glDia~     Tlie  tub«  ihu*  prepared  U 
packeil  nitli  )ilaater  in.  n  Kircnti  iTnti  tioi,  fir  coilin,  the  lid  at  «liich  in  vail  aa 
cuieO.  niid  Ibe  irholc  in  tbea  cipused  In  b  Btrone  irhiUfheat  for  gcrtral  ti<ian|-j 
when  the  nrcnnic  aiibitauea  lii  ilia  tube  ia  ontiraljr  connrt«d  lots  carboaJo  mI^  j 
water,  find  fi'DS  uilrogen.     ARer  cooling,  the  tulle  is  taken  «ut  of  tke  iron  bos  - 
and  lircu)tht  under  a  (graduated  cjUoiJ-er  filled  with  mwoiuy,  ia  ■  tnercury- 
Inu^b,  where  nne  cud  of  the  babe  i«  brolcen  off,  and  tiva  gaaea.  eoDBiatlDg  onl^ 
of  enrbonlo  uoid  aud  nitrogen,  are  alluweil  to  piwa  up  into  thu  cyliiidvr.     The 
exact  volume  uf  tlie  two  gnsea  beiDK  now  aicertained,  and  reduced  te  tb«  ooi^ 
rectod  Tututiie  nt  Si"  and  30  Iccbes  preaanr*,  the  carbonio  aciil  ia  rouoved  bj^ 
alwDrbiiii;  it  witit  a  buUut  uf  cauatio  jiuUtea.  S«d  Io  iLo  end  of  n  pUtlmun  wli%  i 
and  thus  iotroUuccd  into  [lie  (roaea  tirougli  the  colurou  of  toecuty.     After  alt  tba  ] 
earb»mc   acid   i«  obuorbcd,  whioh  ia  tlio   vivv  Then  a  diiuinulii>n  of  TolaixeBtfi 
longer  eniuea,  the  exact  Tolum*  ia  ngaic  ajiccrtaincd  ao-d  reduced  Io  itS^  and  VBi 
Inohea,  when  the  diffeTeoee  will  give  tlia  earbnoic  tteid,  while  the  gaa  mllaiBing^| 
ill  tile  Q/lindcr,  and  muaiured,  i^  pare  nitrogein.  < 

Tba  ratio  of  tho  nilrostui  to  ibe  earboDlo  acid,  aod  cnEuiO(]u«al1y  In  llie  rarbeii'l 
Id  the  orgaalc  anbatanee,  bdufc  (bita  obtalaed,  and  Iho  carbon  bcioK  prerleuiljr  i 
dotcrmined  In  the  usoal  manner  hy  cnmbuatlaii,  tbe  pcrauUge  of  aitrosea  tuy,j 
oaail;  be  calculated. —  IT.  J,,  F, 
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DSTERMI^ATIO^  Of  SL'LPHCR. 

§  1219.  Tlio  (Ictermiitntion  of  th<i  sulphur  oontuned  in  organic 
Wbstanws  is  frequently  a  matter  of  great  difEculty.  Some  of  these 
emlwtanrcM  arc  drstroyetl  by  contact  with  cancrtitrnted  anil  IwHing 
nilric  add,  while  the  i;ulphur  is  tcuivurted  into  aulpliuric  acid,  irhicn 
is  prccipitiitcil  hy  the  clilorido  of  hnriiun ;  hut  as  many  organic  6ub- 
siaiice?^  resist  the  uctloii  of  uitric  acitl,  the  uulphur  cannot  always 

tin  thia  manner  be  converted  into  sulphuric  acid. 

When  the  orgnnic  mutter  is  not  volatile,  it  is  mixed  with  20  or 
&  ttmc4  its  wctj;ht  of  a  mixture  of  uitrc  and  carbonnto  of  eoda,  and 
tbe  tnixlurc  is  itiruwu,  hy  aumll  quniiticiea  at  a  liuie,  into  a  platinum 
crnctblo  heated  to  redoes  hy  an  alcohol-tamp.  The  alkaline  .^ub* 
stSDoe  hi  then  dissolved  iu  water,  aupersnturuted  by  chlnrohydric 
ciii,  mid  the  siilphiu-ic  ncid  precipitated  by  ehloride  of  barium. 
If  the  orgiinic  suhatuiice  is  volatile  these  iirocesitea  are  inapplicable, 
and  the  opumtioQ  is  lh«n  conducted  as  follows,  by  a  metliod  wbicb 
aaits  all  c}i*ea: — The  organic  matter  is  subjected  to  combustion 
with  oxide  of  copper,  as  in  the  dctenninutioQ  of  carbon  and  hydro- 
gen, niih  the  e.Kcvptiou  that  the  combustioa-tubL-  is  [iruvided  only 
with  ibe  bulb  apparatus  (fig.  631)  contnining  n  uolution  of  c&ustic 

e^_K^^^^^^^^^^^^^^  potassu.     Tbe  greater  part  of 
^  the   sulphur   is  corkverted    into 

D  sulphuric  und  sulphurous  acid, 

^'       ■  wLich   dissolve    in  ihe  polassa. 

c  a  portion  of  the  eulphur,  Qeverthclcss,  remains  in  the  eomfous- 
tion-tuhe  in  the  state  of  sulphide  and  sulphate  uf  cupper.  The  tube, 
after  being  allowed  to  eool,  is  broken,  and  the  pieces  of  gla*fl  and 
the  o\i(lt  are  ihrowu  into  a  (hisk,  wlitre  they  nrc  buikd  with  a 
weak  Bolution  of  caustic  potas*a,  which  completely  removes  the 
sulphur  and  sulpburie  ncid.  The  liquid  ia  filtered,  and  the  potoean 
in  the  bnlh  apparatus  is  added  to  the  Ultrato,  which  i.>i  then  boiled, 
and  treated  with  a  current  of  chlorine,  which  traneformfl  all  the 
sulphur  into  sulphuric  aeiJ.  The  solution  is  siiperiaturated  hy 
cblurohydrie  acid,  and  the  tiulphuriu  acid  prcci{iitaccd  by  chloride 
of  barium. 

DETEBMlNATIOrr  OF  PH08PnOBU3. 
51221).  Wlicn  the  phosphuretted  organic  matter  ia  not  volatile. 
it  is  mixed  with  20  or  2.5  times  it«  weight  of  a  mixture  of  carbonate 
of^otia  und  nitre,  and  the  mixture  is  toronTi,  by  Biuatl  portions,  into 
a  bcate'l  platinum  crueiblc,  whore  the  phoHphoms  paasos  into  the 
pboaphate  of  soda.  The  alkaline  substance  is  dissolved  in  water. 
«>titnte<l  with  ehlorobydrio  aeid,  and  then  1  gramme  of  pure  iron 
flifl8olv«l  in  iu\uii  re^ta  'nf  added  to  the  solution.  La.'itly,  the  $t»- 
quioidde  of  iron  combined  with  phosphoric  acid  in  precipitated  bv 
an  oxcetu  of  ammonia;  and  by  suhtractinft  from  the  weight  of  thiH 
proctpitato  the  weiuht  of  the  sesquioxide  of  iron  produced  by  1  gm. 
Vbull— 2H  2fi 
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of  pure  iron,  tlie  ireight  of  tbe  phosphoric  acid  is  obttuncd,  v^hcnco 
thai  of  thephoi-phonisTOay  be  decluced.  If  thesubataDcais  rolutllo, 
it  is  first  (lecomposod  by  carbonate  of  soda  in  a  oombastion-tobe, 
and  then  dissolved  in  vater,  the  analysis  being  completed  as  in  tha 
precoding  case- 

&BTEKMINATION  OP  CHLORIDE,  BROMINE.  AM)  tODINE. 

§1221.  No  organic  anbetancea  have  as  yet  been  found  in  naturo 
containing  chlorine,  bromine,  or  iodine,  but  a  great  number  of  them 
have  been  artificially  produced  in  tlie  laboratory.  Tfje  delcmiina- 
tion  of  these  elementa  is  very  easily  made  by  heating  the  organio 
matter  in  a  cotnbiistinn-tiibe,  in  rnntact  with  {|«icklinie,  obtained  by 
tdnking  ordinary  iiuipkliiiip,  washing  it  with  water  to  remove  chlorides 
arising  fi-om  the  aehcs  of  the  combiiatible  with  which  the  limeatono 
"waa  originally  burned,  and  tlien  heating  it  to  redness  in  order  to 
expel  the  water  from  the  bydrated  lime.  The  lime  thus  prepared 
is  preserved  In  a  ground -stoppered  bottle. 

If  the  organic  substance  is  solid  and  not  volatile,  it  is  mixed  with 
a  certain  quantity  of  quirklimc,  and  tho  mixture  is  introduced  into 
the  coEabufttion-tiibe  which  is  to  be  filled  with  pare  lime ;  but  if  the 
substance  is  liquid  and  volatile,  it  ia  weighed  in  the  glnsa  bubblesj 
before  nieutioned,  which  ar«  dropped,  alter  breaking  their  point, 
to  the  bottom  of  the  tube,  which  is  afterward  liUcd  with  lime.    The 
dwomposilion  of  the  eubatanee  by  beat  (should  be  effected  with  the 
stee  precautions  as  cnmbuBtion  by  the  oxide  of  copper.      The 
chlorine,  bromine,  or  iodtiiu  remain  in  the  tube  in  the  state  of  chlo- 
ride, bromide,  or  iodide  of  culcium.     At  the  close  of  the  operation, 
the  lime,  together  with  the  fragments  of  the  tube,  is  dropped  into  a ' 
Hask,  where  it  is  treated  with  weak  nitric  acid  until  the  lime  ia  en- 
tirely  ili&soived.     The  liquid  is  then  filtered,  and  precipitntod  by ' 
nitrate  of  silver;  the  process  indicated  in  §  1131  being  followed  iaj 
order  to  collect  and  wash  the  chloride  of  silver. 

The  dotenninntion  of  iodine  is,  however,  rather  more  difficult,  asj 
a  portion  of  this  siilistiiiicc  ofion  puascs  into  the  state  of  iodic  ac)d| 
which,  however,  is  destroyed  by  passing  n  current  of  enlpharoua 
acid  thruugh  the  lii^uid  at  a  moderate  teniporaturv,  after  baring' 
added  nitrate  of  silver  to  it. 


DETERMINATION  OF  OXYGEN. 

1 1222.  The  oxygvu  contniocd  in  organic  Kubfitancea  ta  alwaya] 
detenrioed  difleren^ally,  as,  hitherto,  a  suitable  procera  of  direct 
determination  has  not  been  discovered.     It  will  henco  bo  seen  hoi 
important  It  is  to  ascertain,  with  the  fp-eiitesl  cai-e,  the  nature  of  the 
elements  composing  the  organic  STibstonce ;  for  if  a  single  clement 
escapes  the  experimenter,  the  analyst  is  inaccurate,  not  only  wa ' 
account  of  the  omission  of  the  clement  which  was  overlookcdj  but ' 
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klso  Weanae  th«  weight  of  the  clomontary  sabstance  neglected  is 
oomputad  u  oxjg«Q. 

ESTABLISnUENT  OF  TIFE  CHEUICAL  POBMULA  OF  AN  OBOANIC 

SUBSTANCE. 

S  1223.  The  elomontory  analysis  of  an  organic  substance  is  not 
alone  snfficlent  to  establish  its  cht'iiiical  formulB.  ht'irause  it  indicates 
only  the  ratios  which  exist  between  the  weight  of  the  cicments  which 
ooniposo  it ;  and  na  an  infinite  number  of  fonnulie,  the  multiples  of 
«a«h  other,  will  a!l  satisfy  cho  ratios  given  by  analysis,  the  question 
»,  which  of  these  formultc  to  choose.  By  studying  the  various 
biaatioES  which  tho  organic  Bubatance  can  form  with  mineral  »ubJ| 
BtaooM,  and  the  new  organic  cumpounds  to  which  tlicy  give  ria 
when  subjected  to  tho  vnrions  procp£«os  of  tho  lahurutttry,  the 
chemist  con  ecnerally  collect  fuels  from  which  u  fonniiln  nmy  be 
deduced ;  and  it  is  oulv  when  th«  suhstattco  has  boon  studied  under 
all  ita  aspects,  and  in  the  cusc  that  it  forms  a  grc&t  number  of  com- 
{KMiads,  that  its  formula,  and,  eonsec|uently,  its  chemical  equivalent, 
pTMcnts  any  decree  of  certainty.  The  nuroercns  changes  whiob, 
in  latUT  years,  tlio  formulse  of  organic  compounds  have  undergone 
will  therefore  not  appear  surprising,  being  occasioned  by  the  dia- i 
coTcryof  new  compounds,  or  new  rhemica]  reactions,  which  deprivel 
tbo  formulfi;  adopted  of  tho  character  of  probability  they  had  ao-'J 
quired  from  the  facta  previously  known. 

As  it  is  impo&aihio  to  advance  any  general  rules  for  the  eetablisl 
ment  nf  the  fonniiU  of  an  orguiiic  compound,  wo  shall  only  cite  a1 
few  pxampleii,  to  kLow  the  spirit  which  goverua  such  researches.  < 
Wc  shnl!  distinguieh  thrct  coses:  let,  that  in  which  the  organio' 
snbfitance  i»  acid;  2<llv,  that  iu  which  it  possesses  basic  properties;^ 
and  3dly,  that  in  which  the  organic  Bubstanec  is  neutral. 

CASE  m  WHICH  THE  OBGAKIC  SU08TASCE  18  ACID. 

$1224.  As  the  first  example,  we  shall  take  acetlo  acid,  which 
contains  only  carbon,  hydrogen,  and  oxygen. 

At  its  maxirntim  point  of  cone*: titration,  acetic  acid  is  a  colourless 
and  volatile  liquid,  which,  by  corobnetion  with  oxide  of  copper,  yields 
the  following  composition  :• 

Hydrogen 6.67 

Carbon 40.00 

OxygcQ 58.88 

100.00 

Dividing  the  weight  of  each  of  these  elements  by  ita  equivalent,' 
the  quotients  will  necessarily  he  to  each  other  as  the  ci^uivalent 


*  1b  ord«r  to  render  our  trgutoonU  niant  liniplo,  we  iliall  klwa/t  luppoM  tlut ' 
til*  malts  of  tli«  direct  analjira  are  icrnpnloiul;  eiuL 
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&uinli«n  of  tbe  simple  elem«iLta  whidt  enter  into  tbc  compauDil,  and 
we  tbiu  obUin : 

For  hydrogen ^  =  6.67 

"    carbon ^  =  6.67 

«    0X7g«. ^-6.67 

Tb«M  qnotirnts  being  equal,  ire  shall  conclade  that  coneen- 
tnted  acetic  arid  contaiiu  equal  numbers  of  each  of  the  three 
elemenLH  which  compose  it,  and  thp  uiust  simple  formnla  which  can 
represeDt  the  acid  is  therefore  OHU ;  tikile  it  is  evident  that  the 
formalfE  C^,0„  C,U,0„  C^II.O,,  C.H.O^  represent  equally  the  ro- 
floItB  of  the  snaTy»8.  <^  the  other  hand,  me  bare  seen  that  the 
greater  part  of  the  mineral  acids,  when  brought  to  their  maximum 
of  c<mc«ntTatioD  Tithoat  aoj  eesential  change  in  their  chemical  pro- 
perciea,  are  componnda  of  the  aahjrdroos  acid  with  one  or  several 
eqwralents  of  water,  Tbicbcan  be  replaced  bja  correeponding  num- 
bv  ofcpivalcnLH  of  a  bwe,  «td  it  must  therefore  be  ascertained 
whether  thi-i  is  the  caae  also  with  acetic  acid.  Moreover,  we  have 
aeee,  in  the  case  of  the  mineral  acids,  that  the  knowledge  of  tbe 
eompoffltioii  of  a  »a)t  formed  by  the  acid  and  a  mineral  base  of 
whicb  thfr  chemical  equivalent  had  been  prcriously  aficertained,  fre- 
qsentlj  gives  the  equivalent  of  the  acid  itself,  and  is  oufficient  to 
establish  its  furinula.  However,  the  example  of  phoephorio  acid 
has  ifcown  that  the  Mine  base  frequently  fcnns  several  saltn  wiih 
the  Mme  acid,  and  that  it  is  net  suflicicul,  to  estttbltsb  ibe  formula 
of  the  acid,  to  determine  the  cotnpo»ition  of  one  of  thcRe  salts,  bo- 
oauM  the  fonuala  would  vary  with  the  salt  selected.  It  therefore 
heceiaea  neoeesarj  to  determine  tbe  composition  of  all  tbe  salts, 
flhher  in  ike  etystallizcd  state,  or  after  having  dried  them  as  mock 
W  possible,  always  avtiidiug  such  a  change  in  their  chemical  consu. 
tntion  that  the  drie<l  salt,  when  redissolved  in  water,  will  not  j^^" 
dooe  [be  original  »ult  by  crystallisation.  The  study  of  tbeae' 
riou9  compounds  furnishes  a  clue  ns  to  whether  the  salt  shoold  bo 
regarded  aa  monobasic,  bibasic,  tribasic,  &«.,  and  thus  give  tbe  ele- 
ineata  Decenary  to  e«tA.1>li8h  its  formula.  The  same  method  must 
be  observed  in  establishing  the  fonnulie  of  organic  nd^ls;  and  we 
thereupon  proceed  to  apply  it  to  ncetie  acid. 

Protoxide  of  silver  ts  uistingui^hed  among  mineral  bases  by  the 
property  of  forming  immediately  anhydrous  salts,  which  are  in 
moat  ca«ea  ewity  obtained  in  a  state  of  purity,  being  generally  tneo- 
luble,  or  nearlir  so ;  for  which  reasons  salts  of  silver  are  verr  valu- 
able in  nseertamins  the  compositiun  of  orgaiiio  acids,  and  the  more 
»o  lu  their  analysis  can  be  made  with  great  accuracy.  We  shall 
therefore  analyse  the  acetate  of  silver,  for  which  purpose  an  accu- 
rntely  weighed  quantity  of  the  salt  is  roasted  in  a  platinum  cruci- 
ble, ¥fheo,  the  organie  mstter  being  destroyed,  metallio  silver  re- 
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muae,  wMcb  u  voisliQii.  Tho  proportioa  of  protoxide  of  silver  to 
which  it  corrt-spoads  is  then  cftlculat^d,  had  llie  rwult  will  bo  thxt 
acetate  of  silver  is  eonpOMd  of 

Oxide  of  silver 4     09.46 

Acetic  acid 80.55 

100.00 

AdmittiDg  thftt  ncctic  acid  is  monobasic,  that  acet&ce  of  stiver  is 
anhydrous  and  formed  of  1  (.■qiiividviit  of  oxide  of  ^Iver  (116.0)  snd 
1  equivalent  of  ncctic  acid,  llic  eqtiivalont  of  acetic  acid  will  be  de- 
duced from  the  proportion : 

09.45 :  30.55 : :  116.0  ;  x  whence  x  -  51.0. 

Nov,  there  is  only  one  wa^  of  forming  the  nambcr  51 .0  with 
whole  Qumbcre  of  equivalents  of  hydrogen,  cnrbou,  and  oxrecD, 
nnd  that  is  by  piving  to  anhydrous  acetic  acid  the  fnrmnU  ^J^fiv 
und  consequently,  to  concentrated  acetic  acid,  the  fonnula  0,11,0, 
+110,  which  B«ti«fie«  the  analysis  we  have  given  of  this  acid.  We 
bare,  la  fact, 

3  eq.  of  hydrogen 8.0 

4  "       carbon 24.0 

a  *'       o,xygen < 24^ 

51.0 

It  is,  mnreoTer,  ooBy  to  ascertain  that  each  is,  in  rca.Utv,  the  00m- 
pofiitivD  of  the  acetic  acid  contained  in  the  acetate  of  silver.  By 
Duraiiig  tliis  ault  with  oxide  of  copper,  it  will  be  found  to  contain 

Oxide  of  silver. 69.45 

Hydrogen 1.80 

Carbon 14.87 

Oxygen 14.88 

100.00 


JTow,  the  formula  AgO,C,H,Oj  give« 

1  eq.  of  oxide  of  silver 116.0 

8    "  hydrogen 8.0 

4  "  carbon 24.0 

8  "  oxygen 24.0 

167.0 


.  69.45 
.  1.80 
.  14.S7 

.  14.88 

100.00 


Bot  acetic  acid  might  possibly  be  bibasic,  and  tlie  salt  of  silver 
oontiin  2  equivalents  of  oxide  of  tiilver  ;  in  vhicb  cacie  the  formula 
of  the  salt  would  be  2AgO,C,lIoO,,  that  of  the  concentrated  acetic 
acid  C  n,0,+2nO,  and  the  equivalent  of  anhydrous  acetic  acid 
would  be  102.0.  Theoretic  acid  might  be  tribasic,  and  the  formola 
of  aectat*-  of  silver  3.\gO,  C„II„0„  that  of  the  concentrated  acetic 
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acid  C„H,0,+SHO,  and  the  oqaiToIent  of  tbc  anlijdroaa  acetic 

acid  might  be  153.0. 

Nnw,  vthon  an  acti  ik  bibasic,  it  forms  two  dories  of  salts  ytiHi 
I  leases :  salts  wliicli  coataju  2  eqmvalouU  of  base  *2R0,  and  salta 
'  oontunlni;  1   equivnlcnt  of  boao  KO,  and  1  equivalent  of  buio 

wsttir.     If,  therefore,  acetic  acid  were  bibasic,  two  8eri««  of  acetates 

Tould  be  obtained : 

lat  scries 2R0,C,H,O„ 

2d  series (R0+H0),C.H,O,i 

and  tbe  salts  of  the  second  ecrios  could  not  lose  their  cijiiiralcnt  of 
tiasic  water,  without  a  great  change  m  thuir  jiroperlleB. 

If  the  acetic  acid  were  tribaaic,  it  sbould  farm  three  series  of 
salto^- 

lat  series SRO,C„H,0#, 

2d     «    (2R0+H0),C.,H,0„ 

8d      "     (RO+2nO).C^,0,; 

and  the  salts  of  the  two  laat  soHph  n^in  could  not  part  with  their 
water  without  an  important  modification  of  their  properties. 

In  order  to  dooide  the  (question,  it  is  tlierefore  noeessnry  to  pre- 
pare a  greut  number  of  acetatce,  dry  them  iia  much  us  possible, 
without  affecting  their  eheniical  eonstitulion,  thiit  is,  in  such  a  man- 
ner that  the  dried  acetate,  rediasolvcd  in  luattr^  gfiali  rryraduce  the 
original  »aU  hy  crtfttatlhation ;  and  lastly,  sHbject  tbesa  ac«tat«s 
to  analygiii.  It  will  thus  ho  found  that  several  uf  these  crystalliiecl 
acetates  contain  water  ;  hut  this  should  he  considered  as  their  water 
of  cryHtalUzntion,  as  it  may  be  driven  off  by  heat,  and  tlic  dried 
salt,  disaolved  in  water,  reproduces,  by  crystallization,  the  original 
salt.  The  dried  salts  will  present  the  composition  given  bv  the 
formulie  RO,C,II,0,,  2K0,C,H,0„  3R0,C..H,0^  kc;  and 'there 
being  consequently  no  rcaiicin  for  regarding  acetic  acid  as  polrbasic, 
it  is  considered  na  n  monobasic  acid,  and  the  formula  C,H,0,  has 
been  mlnptiMl  as  that  of  the  anbytlrous  acid. 

§  1225.  For  the  second  example  in  establishing  the  fomiuta  of  on 
organic  acid,  we  shall  choose  malic  acid,  wbieb,  when  crystallixed, 
u  compoficd  as  follows : 

Hydrogen 4.48 

Carbon S5.8fi 

Oxygen 59.70 

lOO.OO 

Dividing  tbe  preceding  numbers  by  their  respective  e^uivalHitB, 
there  results: 
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For  hydrogen. 


4.48 


«   cmrbon J^-5.97 

"  oxygen i^ 


7.46 


Tbe  qaotients  follow  the  ratioa  of  the  numbers  3:4:  5;  and  the 
motit  eimplo  fortnuln  adapted  to  crjHtalliK<Ml  tnalio  acid  U  therefore 
O^HjOj,  while  the  true  furmwln  may  be  one  of  ihe  multiples 
CAO«,  C„II,0.^  C„II„0„,  etc,  etc. 

Tb«  aDalysi!)  of  nuilate  of  silver  shows  that  this  salt  contaios : 

Oxide  of  silver 66.67 

Malic  aeid 88.88 

100.00 

This  salt  does  not  give  off  water  before  deconiposing,  which  leads 
to  tbe  euppoftttion  that  it  is  auhydrous ;  and  if  it  be  regarded  as 
formed  of  1  equivalent  of  Qxido  of  silver  and  1  equivalent  of  malic 
acid,  the  cqnivnleiit  of  malic  acid  ■wriE  tliorwfore  be  dedueed  from  the 
proportion ; 

66.67  :  33.83:  :  116.0:  *,  whence  a:=58 

The  oomhuetion  of  the  eilvcr  salt  vrith  oxtdc  of  copper  gives  for 
itc  compu«itioii: 

Hydrogen 1.15 

Carbon 18.79 

Oxygen 18.89 

Oxufc  of  silver 66.67 

100.00 

wlucb  exactly  eorresponds  to  that  given  by  tbe  formula  AgO,C,n,0^ 
M  may  be  readily  seca : 

2  eq.  of  hydrogen 2.0)  1.15 

4  "         carbon 24.0  V  58.0 1S.79 

4  "        oxygen 32.0J  18.39 

1  "        oxide  of  BUvor...  116.0     66.67 


174.0 


100.00 


The  formula  of  crystnllJKed  mnlio  add  will  therefore  bo  C,H,0^ 
+110 ;  but  it  rema.iii9  to  be  Bccn  whether  the  aoid  is  moDobaue,  in 
which  case  the  fnnnuU  of  the  crystallised  acid  would  be  C,H,0,+ 
HO,  and  that  of  malate  of  silver  AgO,C,II,0, ; 

Otf  whether  It  is  bibasic,  which  would  give  to  maUte  of  silver 
the  formula  2AgO,C(H^O„  and  to  the  crystallised  acid  the  formtda 
C,H,0.+2nO; 

Or  la«itly,  whether  it  is  tribario,  in  which  case  the  formula  of 
malate  of  silver  would  be  8AgO,C„n,0^  and  that  of  the  crystal- 
liied  acid  C^,0^,+8H0. 


^K  OBOAVIC  CUBUISTRT. 

In  order  to  docido  tW  question,  otlicr  s&Its  formed  by  malic  acid 
mofil  bo  analysed.     Now,  two  nialn-tos  of  lime  are  known  : 

Th«  formula  of  the  first  in  the  crystallixed  sUte  is  CaO,C,H„0„. 
"  second  «  «        CaO,0,H,0,, 

The  first  salt  loeea  6II0  bv  tb«  action  of  heat,  vritbout  chaof^ ; 
for,  when  dissolvefl  in  water,  it  reproduces  the  original  salt  br  cryj- 
tftUientioQ ;  and  the  formula  of  tlio  dried  fait  is  therofore  CaO,C, 
H,0^  which  may  bo  written  Ca 0,2(0^11^0^) +110,  in  which  ciisu  it 
ta  eonaidered  as  a  bimaJai©  of  iimo  coiitainiug  1  oq.  of  water  of 
cryHtalUzatioD.  But  as  this  wntcr  cannot  bo  driven  off  without 
injury  to  tbfi  salt,  it  mnst  bo  rognrdod  aa  baeic  water,  and  tba 
formulic  of  the  tnalutcs  of  Umo  must  be  writtcti, 

let  malate 2CttO,C,H,0,. 

2d  malate (CaO+HO),C,H.O,. 

In  this  case,  malic  acid  is  considered  as  a  bibaAic  acid. 

An  eiamiiiation  of  the  other  malates  leads  to  the  same  conclusion. 
Thus,  oxido  of  Kinc  forms  two  malatcti,  tho  composition  of  which^  in 
tlio  cryBtalUeed  state,  ia  represented  by  the  following  formulie  : 

lat  malate ZnO.C.Ii.O^ 

2d  malate 7.aO,C,\lS>,t, 

wliicli,  whoa  subjected  to  the  action  of  heat,  lose  a  portion  of  their, 
water  without  change,  and  become, 

Thelst ..„,, ZnO,C.II,0.. 

The  2d ZnO.C.H^O,. 

If  tJiey  be  further  heated,  they  again  lose  wator,  but  are  altered. 
The  fonnnliB  of  dried  malaws  of  «ino  become  very  Rimple,  and 
similar  to  tlio.*i;  of  malates  of  limf,  if  the  malic  acid  be  regarded  as 
bibaaie,  in  which  case  Ihcy  ar«, 

2Z]iO,C.II,0,. 
(ZnO+IIO),C,H,0,- 
Again,  a  malate  of  ammonia  is  known  which  crystallizes  rcadilr  in 
beaotiful  cry«tal»,  and  shows  the  formula  (NUpHO),C,U,0,+nO. 
But  na  this  salt  does  not  lose  water  by  heat  teforo  atlaining  a 
tcmpcraturo  at  which  it  ir>  completely  altered,  the  water  it  contains 
is  therefore  basic,  ajid  its  formida  should  be  written  (NH-HO+HO) 
C,H  0,. 

All  thego  coneid^rations  must  lead  ub  to  recard  malic  acid  as  a 
liib&sic  add,  forming  two  series  of  salts,  of  which  the  formulae  are 
2R0.C.H,0,  and  (R0+HO),C,H.O,. 

§1226.  An  ajgumcntof  the  eame  nature,  fonndcdoQ  theeooaiHisition 
of  the  various  lerieJt  of  salta  which  the  organic  acid  can  fwm  with  the 
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iImu,  After  Uie  shIm  hiire  been  driecl  as  far  m  their  diemioal 

)ittit«tioD  will  pvrmit.  will  decide  if  it  be  proper  t«  regard  this 

acitl  ao  n  tribasic  acid,  iii  wliicii  c»»e  three  series  of  salts  vill  in 

general  bo  obtaintd,  vrliieh  may  bo  represented  bj  the  following 

fonnulie,  the  symbol  A  designating  the  equivitlcn  t  of  the  tri  basic  aad; 

I  SRO.A,   (■2U0+II0),A,   (R0+2H0),A. 

The  crystalliiefl  saltH  may  eoDtaJji,  iu  mlditiou,  water  of  crystal- 
luatioD,  which  will  [)c  roccigiiiHod  by  the  fiiet  that  in  tnoet  cases  it 
can  be  driven  oB"  by  heat,  wiiUout  alleriug  tlio  cunstitntiou  of  llie 
salt. 


DBTEBMINATIOX  OP  THE  PEOPORTION  OP  BASE  WRICH  EXISTS  IN 
COMBIXATiQN  WITH  AN  OIIGAMC  ACID. 

5I22T,  la  order  to  eslabliab  with  any  degree  of  certainty  the 
equivalent  of  an  organic  acid,  it  is  ncccsMry,  as  has  been  ^hown,  to 
analyxc  a  great  mimber  of  the  »alt»  whic^li  it  forms  witli  mineral 
baMs;  ana  it  h  cnnNr(}iictitiy  useful  to  dwell  for  a  short  limo  on  tlio 
proc«*t^e8  employed  by  chemists  for  this  purpuae. 

Tlio  propiirtion  of  ha-w  which  exists  in  a  Bait  formed  by  an 
organic  acid  is  almost  alwiiy.-*  'k'tcrmiut'd  Ity  fnlciuinp  the  salt  in  tha 
air,  when  the  mincnil  hnsc  rcmoitut,  citlicr  in  the  metallic  stat«  after 
the  decompoBttion  by  heat,  or  in  a  state  of  su[)erior  oxidation,  when  it 
absorbs  oxy^n  from  the  air;  or  lastly,  in  the  atate  of  carbonate* 
when  the  salt  is  not  decom])08ed  by  the  degree  of  heat  at  irhicli  the 
incineration  took  place.  If  the  organic  acid  containa  sulphur  or  plioB- 
phoni*,  the  bfiso  may  remain  jiiirtly  in  the  Mtale  of  sulphate  or 
phosplutte ;  and  if  it  contains  clilorinc,  bromine,  or  iodine,  a  portion 
or  tha  whole  of  ihi;  base  may  be  converted  into  chloride,  bromide, 
or  iodide. 

The  .-ialta  formed  by  the  organic  acida  with  the  alkalies,  Icavo 
after  calcinattun  an  alkaline  carbonate;  but  the  base  is  never 
ilctenninod  in  tbi:)  i^tate,  because  alkaline  carbouatca  attract  too 
ruadily  the  moisturo  of  the  air.  They  nro  converted  into  sulphates 
bj  pouring  into  the  crucible  in  which  the  iacincration  bus  been 
eflected  a  weak  solution  of  oulphuric  acid,  taking  ca^e  thiit  the 
effcrvceccnce  produced  does  not  project  any  of  the  subatance  otil  of 
tUe  cnwible.  It  is  evaporated  to  dryness;  and  lastly,  the  crucible 
ii  heated  to  a  stronf;  red<hcat,  in  order  to  decompose  the  biralphate 
which  has  formed,  when  the  weight  of  the  base  is  deduced  from  that 
of  the  sulphate. 

When  the  organic  salt  contains  baryta  or  Gtrontia,  the  base 
rcmaina  in  the  state  of  carbonate,  and  may  be  veigbod  as  such ; 
lund  if  it  contains  lime,  the  hajH;  etill  remains  in  the  state  of  carbon- 
iite,  if  the  incineration  has  been  eOected  at  a  low  temperature  ;  but 
if  the  calcination  has  required  a  rod-heat,  the  greater  portion  of 
the  ba»epuaea  into  the  sute  of  quicklime.    The  bane  may  siiU  in  thin 
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COM  be  dctcrroiDcd  ns  ciu'boiiat«,  if  tlic  precaution  is  iakea  to  moiatcnJ 
tlie  matter,  »fter  roasting,  with  a  solution  of  carbonate  of  ammonia,] 
-vrincli  Is  then  i-vuporutvj  at  a  gentle  heat.  It  is  better  to  wot^j 
the  lirao  ill  tlio  state  of  gulphnte,  to  wTiich  effect  the  reeidne 
moistcDod  nl\cr  iuduenitiou  with  gulpburic  acid,  and,  after  b»Tii 
driven  oS*  ihv  excise  of  acid  by  heat,  the  cnicible  i»  heated  to  re 
ncss.  The  dctcrmin&tioD  of  magncaia  in  the  state  of  sulpl 
should  be  porfonned  in  the  same  raanner. 

If  the  base  combined  with  the  organio  acid  be  protoxide  or  ee»-l 
qoioxide  of  iron,  the  salt  is  roasted  in  the  air ;  and  in  order  to  1>M 
Biire  that  the  residue  is  composed  only  of  sesqiuoxide  of  iron,  it 
moistened  nith  nitric  acid,  and  again  calcined ;  &  similar  proce 
bctnz  applicable  to  xaltH  of  copper.  In  which  case  protoxide  of  co| 
per  CuO  remains.  Zinc,  combined  -with  an  organic  nctd,  is  al 
determined  in  the  stnte  of  oxide  ZnO;  bat  the  roamting  most 
commenced  at  the  lowest  temperature  possible,  in  order  not  lo  pr 
dace  metallic  zinc,  a  portion  of  which  might  be  lost  in  the  state 
vapour;  and  the  roasted  matter  ia  moistened  with  a  email  qnantit 
of  nitric  acid,  and  calcined  to  rednetts.  * 

The  determination  of  manganeee  combined  with  an  organifl 
Bcid    prc.ienis   i^ome  diBicuItiei!,  because   the   composition  of  tlU 
oxido  which  romitin!^  after  the  calcination  is  never  exactly  Icoo^ 
The  salt  being  first  calcined  in  a  small  platinimi  boat,  in  order 
destroy  the  orjfaiiic  matter,  tho  boat  in  intrndneed  into  a  porcelail^ 
tube  b(;ated  to  rctincsfl,  and  traTcrscd  by  a  current  of  hydrogen  | 
which  18  maintatni>d  until  the  tube  is  completely  cooled;  when 
boat,  vritich  then  containa  non-pyrophoric  protoxide  of  mongam 
ia  removed. 

As  the  compounds  of  the  organic  acidii  with  cobalt  and  niokf 
loftTC  oxides  after  incineration,  the  composition  of  which  Ls  alwaj 
uncertain,  it  is  best  to  roast  the  salt  in  a  platinum  boat,  and  the 
heal  it  in  a  purceloiu  tube  in  a  current  of  hydrogen,  when  the  pis 
tinum  contBina  the  reduced  metal,  which  is  not  pyrophoric  if  ttiflj 
calcinntion  baa  been  efffctcd  iit  u  wuflkicntty  high  temperature. 

The  incineration  of  Baits  formed  by  tlie  urgauic  acids  vitb  oxide 
of  chrome  leaves  pure  scaquioxidc  of  elirome,  wtiicb  con  be 
diately  weighed. 

By  incinerating   tho  mlts   formed  by  protoxide  of  lead  wit 
organic  acidK,  tho  metal  fj-equenlly  remains  in  the  etato  of  protoxide 
nlthoHgh  a  portion  of  the  oxide  of  lead  14  aleo  frequently  rcduoeil  t 
the  metallic  state,  so  that  it  is  better  never  to  make  thos*  indue 
rations  in  platinum  vcsscla,  because  they  micht  be  greatly  injt 
They  aro  pcrfomied  in  porcelain  capaulcs  licalcd  by  an  alcohol 
lamp,  80  m  not  to  attain  the  point  of  fusion  of  oxide  of  lead,  whie' 
ia  tfio  fused  stato  wimld  attacK  the  glazing  of  tbc  porcelain, 
incineration,  concentrated  nitric  acid  is  poured  into  the  saucer/ 
vrbicb  disengages  rcddiab  vapours  if  the  suMtaiice  cootaios  met 
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le&d.  The  ftcid  is  gently  eraporated,  tnd  tbe  reaiduc,  wKich  is 
compnM^  of  pnre  protoxide  of  lead,  is  calcined  At  %  dull  red- 
heat.  The  capsule  may  also  be  weighed  after  incineration,  mid 
acetic  acid  afterwnrd  poured  into  it,  wbtcb  dissolves  the  uxide  of 
lead,  and  separates  the  mctulito  load  which  remains  in  the  form  of 
small  gtobulee.  The  globules  are  naalied  eeveral  timea,  by  decant- 
ation,  ill  the  capniile.  uhieh  is  then  dried  at  a  gentle  heat;  the 
latter  ift  then  wcigheil  a  Rccond  time,  when  the  difference  gives  the 
weight  of  o.xi<ic  of  lead  formed  in  the  roasted  matter.  By  weigh- 
ing the  capaulo  a  third  lime,  and  subtracting  tlus  weight  frein  that 
obtained  by  the  necond  weighing,  the  (junntity  of  lead  reduced  is 
~  uud,  which  is  to  bo  converted  into  oxide,  by  calculation. 

Lastly,  the  oxide  of  lead  may  bo  detennineil  in  the  8tat«  of 

pbate,  in  which  case,  the  incinerated  matter  is  moiatened  with 
nitric  acid,  which  is  cvuporutcd,  and  thtn  with  sulphuric  acid,  which 
tniusrunus  the  uitrnto  into  a  sulphate.  Thv  oxc(^u»i  ufEulphurio  acid 
being  evaporated,  tljc  uulphute  is  calcmed  torcdncsR. 

Oxide  of  bismuth  is  determined  in  the  slot©  of  oxide  BiO„  and 
%rotoxidc  of  tin  in  thu  atute  of  Btannic  acid  SnO,,  the  operatioa 
being  ooaduct«d  as  in  the  ease  of  oxide  of  lead ;  tVat  ia,  the  si^ 
Blanco  ui  incinerated  in  a  porcelain  capsule,  and  the  reaidue,  nfter 
l*obg  HioiHtened  with  nitric  acid,  is  calcined  after  the  evaporation 
of  the  acid. 

The  rsact  deterniiuntiou  of  oxide  of  antimony  is  very  difficult. 
The  Ivit  method  consists  in  roasting  the  ealt  in  a  porcelain  crucible, 
and,  when  the  organic  matter  ia  burned,  to  cover  the  cnieible  with 
a  lid  having  a  halo  in  the  centre,  through  which  is  passed  the  end 
of  a  discngaging'tubc  which  conveys  dry  hydrogca  into  the  crucible; 
when  by  heating  t)ie  latter  to  redness,  the  oxiile  of  antimony  is  re- 
duced to  the  iiictullic  »lati-.  The  currcnl  vf  hydrogt;ii  id  maiulained 
until  the  eruvible  ii^  completely  cooled,  after  which  the  metallic  an- 
timony is  wclgiicd. 

The  mils  t'orined  by  the  motoxide  and  sesquioxide  of  uranium 
ieare,  after  roosting,  on  oxide  of  urauiuni,  the  composition  of  which 
IB  oncertain ;  but  if  the  residue  be  calcined,  at  a  strong  red*heat, 
by  placing  the  platinum  crucible  which  contains  it  in  an  eartteo 
crtKable  heated  in  a  charcoitl  fire,  the  oxide  iiUO.U.O,  (§1025) 
mnatDS,  although  it  in  better  to  restore,  by  tncana  of  hydrogen,  the 
oxide  of  uranium  to  the  state  of  protoxide,  by  operating  as  was  stated 

T  manganeae. 

The  quantity  of  oxide  of  silver  found  in  combination  with  aa 

'ganio  acid  may  be  very  accurately  ascertained  by  simple  incine- 
ration, which  leaves  the  sdvcr  in  the  mctalUc  state.  If  the  ealt  of 
silver  is  soluble,  it  may  bo  dissolved  in  water  and  the  silver  precipi- 
tated in  the  elate  of  chloride,  iti  which  cose  a  statidard  solution  of 
common  salt  may  al&u  be  used,  and  the  process  explained  in  §  1144 
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InciDGratioD  also  gives  exactly  ttie  pla-lintun  contained  io  Uw^ 
Baits  formcil  hjr  orgiuiic  ucids,  Trben  inctoJlic  platinnm  remains,  froBi 
which  the  quantity  of  oxide  may  bv  doAaced  by  calculation. 

Salbt  formoci  by  the  orguuic  aciib!  with  oxides  of  mercury  at 
analyzed  by  the  geueral  proccM  desi^ribed  §  1107. 

Toe  amraonia  combined  vith  an  orcaoic  acid  is  generally  inftrr«d| 
from  the  quantity  of  nitrogen  yielded  by  the  ammoniacal  Halt  in  itM 
combustion  with  oxid©  of  copppr,  (§§  1217  and  1218,)a1th(in^h  thu] 
hase  may  bL'  directly  determined  in  the  state  of  douhle  chloride  of  pla 
tinumand  aiimionta,  as  in  thccn^eof  nnimoniaeal  sails  formed  by  tbfltj 
miiierat  ucidi* :  fur  nhicb  purpose  the  aininoniacal  salt  is  di^AoWi ' 
in  ft  snifiil  fpiantity  of  water,  and  n  slight  execes  of  bichloride  <rf| 
platinum  ia  ndd(>d,  when,  after  cvaporntiog  to  dryQcss  at  ik  gentl*^| 
tetnpcniture,  and  wasbinp  the  residue  with  a  raixtnrc  of  alcohol 
Ctbcr,  the  double  chloride  of  platinum  and  ainmoiiia  is  obt 
iBolatci).  Lastly,  the  ammoniacal  xalt  may  be  destroyed  fay  bc 
lime  ftt  a  rcd-hcat,  the  ammonia  collected  in  an  acid  solation,  i 
the  buso  determined  by  one  of  the  two  methods  described  in  §§  1211 
and  1218. 

81228.  The  processes  jiiBt  described  are  applicable  with  abgolut 
exactnesji  only  when  tho  organic  acid  contoiiiB  carbon,  bydrogeojl 
oxygen,  and  nitrogen  alone,  and  their  reeulta  would  be  freqnentlj 
tnaucurato  if  the  acid  contained,  in  addition,  (sulphur,  phoapbo 
or  chlorine. 

If  the  acid  contains  sulphur,  the  procDRHea  doKcribed  may  be 
ployed  whenever  the  sulphate  of  the  metallic  oxide  ia  easily  i' 
posed  by  heat,  and  the  metallic  sulphide  i.t  quickly  changed  int 
oxide  by  roasting ;  but  in  every  other  caso  some  of  the  proc 
Bpolen  of  would  give  inexact  reanlltf.     When  the  base  of  the  ult 
ao  alkaline  or  alKatino-cartby  oxide,  or  oxido  of  lead,  it  is  suffit 
to  heat  the  incinerated  subntance  with  sulphuric  acid,  when  thel 
remains  in  the  etate  of  sulphate,  which  'n  weighed.     If  the  ozi< 
forma  a  sulphate  readily  decomposuhle  at  a  rcd-hcat,  the  residt 
after  roasting  is  calcined  at  thig  temperature,  after  having 
treated  with  a  small  quantity  of  nitric  acid,  to  prevent  the  present 
of  a  metallic  Bulphide,  which  mi^'ht  injure  the  platinum  crucible 
In  all  oi&es  it  ie  prudent  to  moisten  the  aubetnuco,  ol'ter  calc 
tioii,  with  a  buulII  quantity  of  carbonate  of  ammonia,  evaporate 
recalcinc  it,  by  which  meaaa  the  last  traces  of  sulphuric  acid 
more  easily  driven  off. 

If  the  organic  acid  contains  phosphorus,  all  the  procc«Bce 
8cnbed  are  faulty,  and,  in  order  to  determine  the  oxide,  the  pr 
by  the  humid  way,  described  under  the  head  of  esch  metal,  most 
adopted. 

Lastly,  if  the  organic  acid  contains  chlorine,  bromine,  or  i< 
it  is  often  neces!>ary  to  modify  the  ordiitary  proccesee.     Whan 
base  combined  with  the  organic  acid  ia  au  alkuine  or  alk 
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oxide,  the  resitiiie  after  incineration  is  moistened  with  snlphoricacid, 
wiiicb  drircs  off  the  ohlorine,  bromine,  or  ioiUne,  after  which  tho 
excess  of  ncid  ts  evaporated  and  the  subsuince  calcined,  nfaea  the 
baBc  remains  in  the  state  of  sutpliato.  This  process  does  not  always 
succeed  easily  if  the  ba»c  bo  oxide  of  lead,  in  which  cnse  it  must  be 
Bereral  times  evaparateil  with  sulpliuric  acid,  or  better  siill,  with  a 
stnall  'iiiantity  of  a  concentrated  solution  of  sulphate  of  antnionia. 

The  majoritv  of  the  metallic  chlorides,  bromides,  and  iodi^les  are 
SO  volatile  at  a  red-boat  that  the  calcination,  in  the  air,  of  the  or- 
ganic Halt  containing  the  chlorine  should  be  avoided;  and,  in  order 
to  detertnioe  the  oxide,  recourse  moAt  then  be  had  to  the  process 
of  determining  bj  the  humid  wajr,  described  under  each  metal. 
The  preaenco  of  loo  organ'cc  acid  aomctiiaoa,  however,  prevents  the 
rcDctionit  wliich  the  metallic  oxide  prcaunts  when  combined  with 
ininonl  ucidt),  in  which  case  the  ori^auic  ueid  niiut  be  destroyed, 
cither  by  concentrated  nitric  ncid,  when  this  is  possible,  or  by  mix- 
ing it  with  1^  or  '20  limes  its  weight  of  a  muturo  of  earhunato  of 
sooa  and  nitre,  thrown,  by  small  quantities  at  a  time,  into  a  silver 
emcible,  heated  over  an  alcohoMamp  ;  when  the  metallic  oxide  is 
found  in  the  alkaline  residue. 

^k     CASE  IN  WHICU  XHB  OBOAMC  STTBSTANCB  POSSESSES  BASIC 
^K  PROPEKTIES. 

^P  {  1229.  All  the  basic  organic  substances,  at  present  known,  con- 
tain nitrogen.  In  order  to  ascertain  their  cfiuivalent,  not  only  the 
isolatetl  bases,  but  also  a  certain  number  of  salts  which  these  bases 
form  with  minerut  acids,  must  iherofore  be  analyzed,  preferring 
those  which  are  most  readily  obtained  in  the  cryetalliaed  form,  ana 
which  can  he  most  accurately  analyzed.  We  shall  take  str^'cbnine 
as  an  example. 

The  elementary  analysis  of  strychnine  yields  the  following  rcsolta : 

L    Hydrogen 6.68 
Carbon 75.45 
Nitrogen 8.38 
Ojtygen .•■•.....•• 9-5ft 
100.00 
Dividing  the  preceding  numbers  by  the  coriesponding  equiv&Ieat 
of  «aeh  Kiioplv  sabutaucc,  there  results : 

I  For  hydrogen • it~  ^'^ 
»  carbon '-^  =  12.57 
"  nitrogen i^ »  0.60 
"    oxygen ^=    1.20 

The  most  simple  ratios  which  exist  botwcea  thtise  (juoticDts  are 
the  numbers  11 :  21 : 1 :  2.    The  most  aimplc  furmula  of  stryeb- 
VoL.  11.— 21 
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nine  i^  tbercforc,  C„H„NO, ;  but  as  tbc  moltiple  of  tip  fonnoli 
C^H^.O,,  C"  Hj,N,0„  etc.  ptc.  satisfy  cfumlly  the  remits  of  " 
aiialysu",  the  Halts  of  etrjcluime  must  nleo  be  annljzi-d. 

The  organic  ulknlirs  combine  cither  with  hydracirl?,  without  d 
composm^  ihcm,  or  viith  oxacids ;  in  which  latter  cape  they  &!waj 
acquire  the  eleracnts  of  1  eqm7.  of  wa.t*r,  which  cannot  he  driri 
off  without  injury  to  the  Bttlt ;  and,  in  this  respect,  the  orga: 
hases  behave  like  ammonia,  in  their  compounds  with  hydracids  an 
oncids. 

We  shall  first  nnalvte  the  chlorohydrate  of  strychnine,  after  ha 
itjg  dried  it  nt  212*,  in  a  current  of  dry  lur,  becauBC  the  crj-stalU 
Mit  contains  water  of  crystailiKaiion.    The  elementary  analyds 
yield  for  its  composition: 

Hyilrogcn 6.21 

Carbon 68.02 

Nitrogen 7.56 

Oxygen 8.64 

Chlorine 9.57. 

lOO.OO 

The  doiennination,  for  itself,  of  ihc  chlorine  is  sufficient  to 
t>li9h  the  equivalent  of  strychnine,  admitting;  that  the  salt  is  ooDSli 
tuted  like  the  chlorohydrate  of  ammonia ;  that  is,  that  its  formvlfti 

Sty.HCI.  the  nymhnl  Sty  representing  the  equivnlent  of  etrychnin 
In  fan,  O.-'iT  of  chlorine  correspond  to  9.S41  of  chlorohydiic  acid^ 
and,  coasctiHcntly,  100  nf  chlorohydrate  of  strychnine  contain  9.841 
of  chlnrnhydric  acid,  and  SO.I.IO  of  strychnine ;  whence  the  eqaivi 
lent  of  etryflhuino  will  he  obtained  by  the  proportion, 

9.841  :  90.15&  :  :  36.5  :  z,  whence  r=3S4. 

Now  this  eqiuvalcnt  corresponds  to  the  formula  C^^a,N,0^,  wTii 
gives 

22  cq.  of  hydrogen 22.0 

42  *'         carbon 252.0 

2  "         nitrogen 28.0 

4  "        oxygen 32.0 

a34.0 

The  fonniiU  of  free  strychnine  is  therefore  C^H„N,0^,  and  th 
of  the  dried  chlorohydrate  C„H^,0^,HC1.     The  cryslalliied  b; 
18  anhydroiis.    It  is  easy  to  ascertain,  by  calculatinc  the  compos 
tion  of  the  chlorohydrate  of  strychnine  in  hundreaihs,  from  iki 
formnla  just  given,  that  there  result,  for  e.ich  clenicnt,  nutobcra 
identical  with  those  above  transcribed,  and  which  we  have  supposed 
to  be  obtained  by  direct  analysis. 

The  formula  of  strychnine  may  be  verified  by  the  aDolyaifl  of 


niTBODVOTIOJS. 


899 


other  alts  of  tbe  base,  a»,  for  example,  that  of  the  Balphnte.  The 
fonauls  of  cnrstalliced  eulphate  of  strTcUijme,  dried  at  ^6*^,  is  ihun 
found  u>  be  fO^H^,0„UO),SO,. 

§  1230.  Tne  quantity  of  mineral  acid  which  exists  in  coubiDft- 
tion  iritli  an  organic  alkali  \»  determine<l  by  the  Haoif!  m^anii  as 
tbuHii  used  to  determine  the  acid  in  a  mineral  salt ;  hut  the  analyius 
drmandH  the  grcateat  care,  because  the  smallest  error  amy  serioiifljy 

I  affect  tho  gonorally  vtry  compUeated  formula  of  tbe  or^aiUL'  alkali. 
In  order  tu  determine  the  cjuaiitity  of  chlorohydric  acid  which  exists 
io  chlorohydrate  of  strychuiue,  the  chlorohydric  acid  is  first  deter- 
uinod  by  precipitating  it  in  the  etato  of  chloride  of  eilror,  in  the 
manner  sialcd  ia  §  1131.  The  weight  obtAtned  id  generally  too 
nuUl.  Admitting,  for  the  moment,  the  weight  obtiuncd  to  bo 
exact,  from  this  weight  mny  be  citlcLdutcd  the  (|U3iitiLy  of  pure 
lilver  which  would  exactly  precipitn.te  the  chlorohydric  acid  con- 
tained in  5  ^nmmca  of  chlorohydnito  of  strychnine.  The  silver  is 
diasolved  in  nitric  acid,  and  tho  liquid  poured  into  a  wlutioa  of 
6  grammes  of  chlorohydrate  of  strychnine ;  after  which  the  solu- 
tion, when  clear,  ui  tittered,  and,  by  the  awnstance  of  a  decimal 
solution  of  silver,  the  quantity  of  chlorohydric  acid  which  etill 
remains  In  the  litfuid  U  detemiitied,  (§  1144.)  SallA  formed  by  the 
i        other  mineral  acids  can  be  aiia.ly&ed  by  analogous  processes. 

Tbe  compoundtt  which  the  chloro hydrates  of  organic  ha»e«  form 
with  bichloride  of  platinum  arc  frequently  subjected  to  arialyeis,  by 
I  being  precipitated  in  the  form  of  small  yellow  granular  crystals. 
The  composition  of  the  doable  chloride  of  pktiuum  aud  strychnine 
wanalogouA  to  that  of  the  double  chloride  of  platinum  and  am- 
monia, and  ilB  formula  li  (C„H^^,OjlICl+PtCI,.  By  roaat- 
i&fj  tbi.1  and  similar  compniind.f  in  the  air,  the  organic  matter  is 
deotroyed  and  tho  chlorine  disengaged,  wliile  the  platinum  remains; 
frhidi  procesR  is  well  adapted  to  the  detcnaination  of  the  equiva- 
lent  of  the  organic  haw,  and  ia  capable  of  great  exactness,  on 
account  of  the  groat  weight  of  the  equivalent  of  platiumo. 

CASE   IK    WHICH    THE  OBOi^IC   SUUSTANCB  IS  KEITDEIL  ACID 

NOR  BASIC. 

§  1231.  When  the  simple  organic  nubstancc  possesses  neither  acid 
nor  basic  propertie*,  there  is  no  general  rule  for  eststbliithing  its 
oquivuleut  and  its  formula ;  and  chcmbts  arc  then  guided  hy  tho 
cotupoailion  of  tho  products  of  combination,  or  decomposition,  to 
which  the  wbslanco  givea  rise  under  the  influence  of  various  cho- 
niical  aj^eut«.  They  choose,  among  all  the  eciuivaleni  formulae, 
that  which  oxprOBSOs  most  simply  the  whole  of  the  renctions,  fre- 
quently giving  preference  to  tliu  formula  which  estabiishes  an 
analog  of  constitution  with  other  substances  prosenting  similar 
reactions.  We  shall  be  satbBed  with  two  examples,  which  we  shall 
select  from  the  most  simple. 
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The  methtHl  uf  prepariug  bicarburetted  bydrogou  of  olefia 
has  already  been  rIiowii,  (§24iG.)  Ihn  most  isiuipic  formula  vliifil 
Batitifiet)  till!  <lirect  luulyttls  of  tliis  ga«  is  Cn,  anil  we  nlll  prucei'tl 
t<i  Bhow  vhy  tho  formoia  C^U^  Iios  boeu  aesiga«d  to  it. 

hy  mixing  in  a  krgo  bell-glass  e<niftl  Toliunes  of  olcfiani  gaa 
and  cbloriao,  a  liquid  eubBtnnc«  «oTideDsef>,  of  which  the  most  sim^  < 
pie  formiUa  U  C,li,Cl,  and  whicli,  by  treatment  wiUi  an  alcoboliO' 
solution  of  cauotic  potne^n,  loses  one-half  of  its  chlorine,  and  oo»^ 
fourtli  uf  ils  lijdrw^eu.  in  tlie  eiftte  of  clilorohydric  acid,  vrhiiJi 
combines  with  tli«  iintaswa  (K0  +  IIC1=KC1  +  I10);  while  iit  tlw 
Bame  tluiL-  a  vtry  rulalile  substance  is  fonned,  of  which  the  moali  i 
simple  formnla  is  CJIjCl.     It  is  but  natural  to  regard  the  chlorina^ 
and  hydrogen,  which  were  separated  in  the  state  of  cblorobydrio 
acid,  as  united  in  ihe  compound  C,ir,Cl,  diflferently  from  the  other ' 
portions  of  chlorine  and  hydrogen  nhicb  remain,  and  which  enter  into ' 
the  con»litiuion  of  the  compound  C,1I,C1 ;  hut  chemists  have  gooaJ 
still  further  in  admitting  that  the  chlorine  and  hydrogen  removed  hf  j 
the  action  of  the  potiissa  existed  really  in  the  state  of  chlorobydiio ' 
aoid  in  the  HiihiitJincc  C,H,CI ;  and,  in  order  to  avoid  fractional 
nnniberi^  of  equiralents.  they  replace  tho  formaU  C.ll.CI  by  th« 
multiple  fonnulft  CJI,C1„  which  they  write  C,UjCI,UCl.     If  the ' 
fonnula  C^H^  is  assjj^ied  to  nltrfinnt  gas,  the  reaction  of  chlorine  Oft ' 
tlu8  Mubstauce  in  ox|)ruHsed  lu  the  most  aiinplo  manner  posHJble,  by 
the  following  equation: 

C,H,+2Cl=C,IT,Cl,nCI. 

Now,  if  chlorine  is  made  to  act  ou  the  substance  C^H^Cl,  or  Mi\ 
the  compound  C.HjOI^HCl,  a  new  subut&ucu  i»  funned,  of  whicli] 
the  most  simple  foi-inula  is  G^H^Clj,  which,  when  treated  by  aiL>i 
alcoholic  eolution  of  potoeen,  gives  off  1  cquiv.  of  hydrogen  and  I 
equir.  of  chlorine.     We  shall  regard  these  equivalents  as  e.tijtling  in 
the  state  of  ehlorohydric  acid  in  tbo  substnnce  C,H,C1,,  as  wc  haT»-l 
dono  for  the  eiib?taiice  C.U  CI,,  iind  shall  write  the  formula  of  thfti 
new  comiiniind  C,H,ClyHCl.     Tho  reactions  by  which  it  is  derived 
cither  from  the aubsiance  C^HjCI,or  from  the  compound  C,H,C1,HC1, 
or  lastly,  from   tho  olefiant  gas  C^H^,  are  of  the  most  simple  cha- 
racter. 

C.HjCl        +2Cl=C.n,CI,,UCL 
C,H,C1,1IC1+2C1=C,II.CI„UC1+UC!. 
C.H,  +4Cl=C.li.Cl.,UCl+HC]. 

In  the  Inst  two  cases,  1  eqiuT.  of  chlorohydric  acid  is  set  free. 

The  jirodnct  t\U,Cl^  or  the  compound  C^H,C1„HC1,  heihg  sub 
mitted.  in  their  turn,  to  the  action  of  chlorine,  yields  a  new  pro-jj 
duct,  of  which  the  most  simple  formula  is  C,HClr  If  *■«  writ«( 
thii  fonnula  C,n,Cl,.  and  if  we  give  it  the  form  t\ItCl  .HCl,  tht 


reactawus  which  produce  it  by  the  action,  of  chlorine  on  lit 


e  vo-not 


ijrrBODCCTiox. 


401 


tlwtaiieM  C.H.Ol„  C,H,CUHOi,  C,H,C1,  C^H,C1,UCI,  luid  C,H., 
the  following ; 

cjr.ci.      +2ci=c.iici..nci. 

C.H.CUI0I+2Cl=C\HCl^nCl+  IICI. 

c,H,a      +4ci=c.Hci«nci+  hci. 

C.H,C1.  HCl+4Cl=C,HCU,nCl+2nci. 
C,U,  +(>Cl-=C,HCi.,UCH-2HCi. 

Tbe  compouiul  O^HCI^HCI  is  also  decomposed  bj  contact  vitli 
he  alooholio  solution  of  potMsn,  but  the  snbBtnnc*  (5,HCl,  has  not 
St  been  obtaineil  in  a  state  of  purity,  and  scorns  to  l>e  iiltcrcd 
self  by  the  alcoholic  solution  of  potnssa.  It  cnnnot  tlio  Ic-bs  b« 
,.lniitted  tbnt  this  substance  pr&-cxiHt8  la  tlie  compound  C^H^CL. 
or  the  Terr  reiwon  that  this  establishes  perfect  aaiformity  in  all 
Ite  derived  compound^-— a  uniformity  which,  moreover^  baa  lutlier- 
becn  destroTwl  by  no  nth<'r  reaction. 

Lastly,  the  substance  C^ilCLIICl,  when  subjected  to  the  action 

of  chlorine,   a.'wistml  by  snbir  light,   parts  with  the  whnle  of  its 

Bydrogen,  which  iy  dinengu^ed  in  the  state  of  chlorohydric  acid. 

nirtule  ft  crystallinR  compound,  which  itt  a  simple  chloride  of  carbon. 

the  most  aimpb  formula  of  which  is  C,C1^  is  formed.     Variolis 

^■chemical  rcactitms  shavt  that  one  of  the  equivalents  of  chlonne 

Hm  not  u  deeply  iuLeroiited  in  the  compiiund  as  the  other  two. 

RemOTingf   for  example,    this   equivalent  by   an   alcoholic  aolu- 

tion   of  monoKulphido   of   potafiHium,   a  new  chloride   of   carbon, 

of  which  the  most  Bimplo  formuU  is  CCI.  will  separate^  to  which. 

.fcp  the  moment,  we  will  give  tbe  formula  C,C1„  in  which  case 

b«  first  could  be  written  C,CI„C1.    But  it  would  be  more  pro- 

to  write  their  formulse  C^CI^  aJid  C^C1,,CI^  because,  with  these 

St    formulic,   the  reactions  which  give  rise  to  the  chloride  of 

Ittrbon  0,C]j,0!„  by  tlio  action  of  chlorine  on  all  tht-  Buccunaire 

[Wmpoondj  of  which  we  have  provioosly  established  the  formuIiB, 

of  tbo  most  simple  kiud  : 

C,H,Clj,HCl  +  ■tCI=C.CI,Cl„+2HCL 

C.H.CI,  +  6CI-C.C1,C1„+2HCI. 

C,H,Cl,.Ha  +  6Cl-C,Cl^CI^+8nCL 

C,H,C1  +  8CI=C.Cl,CI„+8Ha. 

C.UjCl,UCI  +  8Cl=C.C!.Cl^+4Iia. 

c.u,         +ioci-c,ci,ci„-f4ua. 

Vie  will  reuwrk,  in  addition,  that  defiant  gaa  C^II,,  and  all  tlw 

ilorinait-d  products  C^H.Cl,  C,H,C1«  C^HCl,,  C.Cl   derived  (nm 

present  this  remarkable  property,  that  they  msy  be  rej^rded  as 

and  a  tingle  mvleculnr  f^ronping  G,II„  modified  only  by  the 

MSivo  lubfttitution  of  an  equal  number  of  <x|iuvtilcnt«  of  chlo- 

ae  for  its  equivalents  of  hydrnecn.     This  fact  is  again  corrobo* 
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rated  hy  the  following :  ^  the  gitb»tance$  are  operated  on  at  a  ten' 
peralure  tujjicientiy  fii^h  to  altouf  all  of  than  to  txitt  in  th<  gasectta 
ttate,  tlieforrivulat  C.H.,  C,H,C1,  C,H,CT„  C^HCI„  Gfi\,  m>uld  re- 
jw««fl,e  M«  »<tnK  vff/jtnM  of  thete  vartoua  gate* ;  each  of  these  for- 
mulie  correspondiDg,  iq  fact,  to  4  volumes  of  the  vapoor  of 
ho^  to  whJoD  it  r«latee- 

The  ccimpciriBons  ami  similnritj  nf  composition  just  pointfid  oat* 
among  nil  these  substances  would  disappear,  if  for  each  of  them ' 
equivalent  formulfe  more  simple  than  tliOKc  wc  hnvo  admittcil  vers 
auopted,  although  tliey  woulil  still  exist  if  equivalent  formiiliB  wero 
admitted,  multiples  of  thoec  just  esUiMiBbctl ;  but  there  is  no  reason 
whatever  for  thus  complicating  the  formulte. 

§  12;}2.  Kor  the  Rccoud  example  to  shall  choose  alcohol,  vhicla] 
liquid  is  composed  ax  follows : 

Hydrogen 18.05 

Carbon 52.17 

Oxygen 34.78 

100.00 

Dividing  each  of  these  numbers  bj  the  equivalent  of  the  Sab>J 
8^ce  to  which  it  belongs,  the  followiug  quotients  result : 

For  hydrogen tu  =13.05 

"  carbon ^' =    8.69 

"  oxygen "Sj  =■   ■^•85 

l!he  ratio  of  thcne  quotients  to  each  other  being  that  of  the  uinii* 
bers  8  :  2:1,  the  most  simple  formula  which  can  be  given  to  nicohoij 
is  C,HjO,  while  all  ita  multiple  formulie  represent  equally  well  th« ' 
results  of  the  analysis. 

Alcohol  is  a  substance  possessing  neither  actd  nor  basic  propor-J 
tice;  and  as  its  eqtuvalent  and  chemical  formula  cannot  therefore] 
be  established  by  the  methods  described  for  the  acidn  and  hiM^ 
resort  must  be  had  to  the  chemical  roacliona  which  ensue  when  •!•  i 
cohol  is  siilijectcd  to  the  various  agents  in  the  laboratory,  and  from 
iheeo  the  ronnuU  which  explains  them  all  in  the  simplest  manner 
must  be  deduced. 

By  mixing  tocctlier  equal  parts  of  alcohol  and  snlphmric  acid,  and  ' 
exposing  the  mixture  for  several  hours  to  a  temperature  of  120^1 
or  140°,  a  eompoond  acid  is  obtained  containing  eulpburic  acid  and  ' 
some  of  the  clementH  of  alcohol.     This  acid,  cnlled  vu/^Aortnuv  < 
forms  readily  cryatallizable  salts  with  bases,  and,  aa  it  is  an  acid, 
its  equivalents  and  consequcntlv  its  formula,  can  bo  determined  by 
tho  methods  explaineil,  (§  1224.)     The  result  is  then  found  that  tht 
formula  of  aahydroos  stdphovinic  acid,  that  is,  of  the  acid  as  it 
exists  in  salla  which  contain  no  water  of  crystallization,  is  0,H  O^ 
2S0, ;  and  if  the  formtiU  C.H,0  i»  aee^ed  to  alcohol,  the  reaetioa 

» 
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vhioh  prodnceH  sulphovinio  acid  ib  not  explained  in  a  ttimplc  naD- 
ner,  us  it  is  then  nupposcd  that  the  rcAction  takes  pUoc  between  2 
eqoivalents  of  Bolpliuric  acid,  and  2  cr|nivaletiM  of  alcohol  C,H,0. 
CDC  of  whicli  do«8  not  behare  in  the  »tine  mnnncr  ae  the  other.  If, 
on  the  contrary,  the  emiivalent  formula  C^H.O,  be  ndoptod  for  al- 
cohol, the  reaction  is  of  the  most  eintple  lund:  1  cguivalcnt  of  al- 
cohol gites  off  1  eijuivalent  of  hydrogen  and  1  equivalent  of  oxygen 
in  the  Btate  of  vater,  ^rhile  the  product  CJI,0,  remaining  aucr 
this  Bepmatjon,  combines  with  2  equivalents  of  sulphuric  acid  lo 
form  eulphovinic  acid  C,H,0,2SO,,  vrhicK  rotaina  in  comljaation 
the  eqaivalent  of  water  eeparatea,  to  form  hydrated  6ulpho\'inic 
acid  C.II/),2S0, +110. 

By  distilliny  the  mixture  of  alcohol  and  snlphuric  acid'in  a  retort, 
a  very  Tolatilo  liquid,  culled  ether,  passes  over,  the  most  flimple  for- 
mula of  which  is  C.HjO.  Nnw,  it  will  be  aeen  that  if  the  formula 
C^n^O,  for  alcohol  bo  adopted,  ether  is  derived  from  it  dimply  by 
the  abstraction  of  1  equivalent  of  water;  and  the  facility  with 
which  olcohol  loKcF)  1  equivalent  of  hydrogen  and  1  of  oxygen, 
which  separate  in  the  state  of  water,  has  led  many  chemista  to  ad- 
mit the  existence  in  this  body  of  1  equivalent  of  water  ready 
formed,  and  to,  coiuequcntly,  ref!ard  alcohol  ae  a  combiaatioa  of  1 
equivalent  of  ether  anil  1  of  water,  and  to  write  its  formula 
C^H,0,HO.*  But  is  it  more  suitable  to  adopt  for  ether  its  most 
Bimple  formula  C^IT^O  or  nn  equivalent  multiple  formula?  This 
qocalion  must  be  answered  by  the  chemical  reactions  <yf  the  sub- 
stance. Now,  elber  combines  with  the  mineral  acids,  and  iho  re- 
nJtinj^coQipoundx,  called  eomjwund  ttheri,  idiould  not  be  considered 
U  6alw.  because  they  have  none  of  their  characteriBtic  properties, 
but  rather  as  definite  compounda,  of  which  the  compO'itition  should 
be  simpiv  expressed  by  the  assistance  of  the  formula  adopted  for 
e^cr.     Kow,  there  is  lenown 

A  nitric  ctJicr. C^H.O.NO^ 

Acarbonic  "  C^,0,CO,. 

An  oxalic    "  CJf.O.C^O,. 

An  acetic    «  C.II,0,C\H,0,: 

the  formaln  C  H.O  adopted  for  ether,  gives  to  all  these  compounds 
tbe  most  simple  lormutfe  possible. 

fithcr,  subjected  to  an  oxidizing  agency,  gives  off  itR  water  and 
ifi  converted  into  a  new  substance,  called  aldehyde,  of  wliich  the 
moBt  simple  formuhi  is  CjH,0,  but  which  is  written  C^U^O^  be- 

*  SiB«  lli«  origtaal  tru  irritt«n,  Mr.  Fntnklnnd  hiu  ineeerded  in  iuUtfa^  tij 
dwoaporinf  Iodic  eUier.  or  lodhle  cf  eUi;1.  0,11,1.  with  tino.  tli«  imlil  tfeaa  hyp^ 
tfaMi«  witMnanea  etb/l.  wUicL  ttux  inu*i  lie  coninilcred  lu  •  compouiid  orgaiJc 
radial  corrMpoii'dinK  lo  aiariiil  in  mineral  chcmiitt;.  nnit  uf  which  tthcriitlie 
«ul4c,  while  nlcobol  \hea  arcottsnl;  muEt  ba  reginlod  ssiu  byilrate-— IT-  />.  F. 
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, the  reaction  whicli  produces  it  is  tbcD  exprcssid  in  iLo  mo«t 

I  simple  miioner  hy  tbu  equmtioa 

c.H,o+2o=c,n.o,+no : 

lar  consUtution  of  aldeh^e  is  therefore  the  f»ino  as  that 
^'ihere  bein^  simply  a  substitation  of  1  cquiy&leiit  of  oxygen 
fcr  1  cqnivnlcnt  of  liydrogen. 

The  oxidizing  af^ncy  being  still  coatinaed,  aldehyde  is  converted 
into  scetic  acid,  chR  formula  of  which,  from  its  acid  properties,  m»y 
be  determined  according  to  §  12S4.  It  bos  been  ebown  that  an- 
hydrous ncotic  acid,  us  it  ex'istn  in  nulla,  in  C^U,0,.  Novr,  the  new 
Teaclion  i*;  apiiiii  vxprcKSod  in  the  must  simple  maimer,  by  adinitling 
the  formuli  t'^H.O  for  ether,  und  the  furmula  C^I  1^0,  for  aldehyde  ; 
and  acctie  acid  id  in  fact  derived  from  iLldohydo  by  u  reaction  lumi- 
Inr  to  that  vtbicb  trunjiforma  ether  into  aldehyde  : 

C.HA+20=C,tt,0,+HO; 

the  equivalent  of  water  forrncd  romtkining  com'bincd  vith  the  aeetjo 
acid,  und  giving  to  the  latlcr  its  iiiuxlmum  of  concetitraiion.  In 
acetic  oeid,  as  in  aldehyde,  ibc  molecular  coDBtitutlon  of  ether  ta 
preserved,  il  new  equivalent  of  hydrogen  beiitg  merely  replaced  by 
1  equivalent  of  oxygen, 

Alcohol,  eubjcvteu  to  oxidizing  agcneies,  furnishes  the  same  pro- 
ducts as  ether;  tha.ti^,  aldehyde  at  fir^t,  and  subscqueully  acetio 
acid,  which  is  one  of  the  rcasong  which  havo  confirmed  cheroista  iu 
regarding  alcohol  as  a  hydrate  of  ether. 

Lastly,  ether,  when  subjected  to  the  action  of  dry  cblorino,  and 
exposed  to  aoUr  tight,  yields  a  series  of  producta,  of  which  the 
most  eimplo  fonnulic  arc  C^U.CIO,  C,H,C1,0,  C^CIjO,  which  «ab- 
Btanoes  arc  derived  from  ether  0,H,0,  by  reactiona  resembling 
those  which  take  place  in  the  action  of  oxygen,  and  which  are  ex- 
pressed by  the  cqualioriB ; 

CA0+2CI=C,H,C10-KHC1. 
C,E,0+4Cl=C,II,Cl,0+2nCl. 

CAO+10CI"=C,CI.O+5HCI. 

The  new  subBtanccs  C^H^CIO,  C,H,CI,0,  C.CI^O  present  the 
same  moloculur  constitution  as  ether  C^tl,0  ;  1,  2,  or  5  ctinivalonts 
of  hydrogc-u  of  the  original  other  being  replaced  by  1,  2,  or  5  of 
chlorine. 

Numerous  additional  examples  of  products  derived  from  ether 
under  the  influence  of  various  chemical  agents  might  be  given,  and 
ID  all  cases  it  would  be  found  that  the  reactions  explain  thein- 
ftclves  in  the  most  simple  and  natural  manner,  bv  adopting  the 
formnln.  0,11^0  for  ether,  and,  as  none  of  the  expfanations  would 
become  more  simple  if  an  cq^uivalcnt  multiple  formiJa  were  subrti- 
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tut«d  Cor  tlie  one  &^opt«d,  the  fonnuia  C,U,0  for  ether  must  be 
coDsidered  as  established,  nnd  coDBcqaeotlj  the  formnin  C'^1I,0,  or 
C.n.O,HO  for  Bloohol.  Theae  formiuse  bein;;  odcv  udmitteU,  those 
of  all  the  products  of  cthnr  and  alcohol,  whicji  hnre  just  been  men- 
tioned, ere  equally  eslablisbt'd. 

S1233.  In  the  preceding  remarks,  the  re«alts  of  the  chemical 
aaftljsw  have  been  <itippo6<><l  to  be  iibfiolutely  uccurate,  which,  how> 
ever,  is  rarely  the  caec,  a*  the  most  carefully  condtictod  nnnlysis  is 
liable  to  trifling  errors,  which  frer|uetitly  leave  tlie  chemiKt  uncertain 
as  to  the  formula  he  should  adopt  for  the  flubstanco  analyzed,  when 
the  latter  contains  a  great  number  of  ec]uivalentn  of  ito  elementary 
principles,  »nd  when,  consequently,  its  equivalent  is  very  high. 
Thii)  nncertninty  can  be  removed  only  by  a  new  nnalyms,  more 
carefnliy  condacted,  opcratinc  on  larger  quantities  of  matter,  and 
directing  the  opcrationn  cSiiftiy  with  the  intention  of  aj<oertaining 
exactly  the  element  of  which  tbo  number  of  equivaleiits  is  most 
uncertain.  It  is  also  fre<[UQntly  KOUjiht  to  dctenninc  with  moat 
exactness  the  atomic  weight  of  the  compound,  by  using  the  method 
of  tucctasivc  cgwroximatioity  of  which  an  example  lias  been  given 
(1 1230)  in  the  uctermiaation  of  the  chlorine  contained  in  the  cblo- 
robrdrate  of  strychnine. 

The  chemist  is  also  guided  by  tho  probable  analogiei)  of  conslitu- 
tioD  which  ithould  exist  hctwccn  the  Btibf«tances  of  which  he  flbcks 
the  formula,  and  other  substancesi  presenting  notorious  resembtancos 
in  their  chemical  properties  with  the  first,  and  the  fonnuUe  of  wbioh 
are  already  established. 

We  ehuL  obaerve,  subeeqacnlly,  that  all  organic  annpovntU,  if 
which  the  covtf»mt\on  and  formula  are  knevm  with  tome  degree,  if 
certainty  (and  the  number  of  them  is  quite  large)  cenfum,  m  their 
egttivale»l,  an  even  numhrr  of  aiuivalenU  of  carbon.  This  fact  is 
certainly  not  accidental,  and  renders  it  very  probable  that  for  the 
equivalent  of  carbon,  a  mimbrr  double  <f  that  which  ha»  been 
hitherto  admitted  mtat  be  adopted.  The  number  6.0  hfu  been 
adopted  as  the  eqaivalent  of  carbon,  on  account  of  the  compounds 
which  tliis  substance  forma  with  oxygen,  as  these  compounds  are 
thus  repreeented : 

Oxide  of  carbon  by  the  formula CO. 

Carbonic  aeid  "  00.. 

Oxalic  acid  "  C,0,. 

OxaJio  acid  nlooB,  of  these  compounds,  contains  an  even  number  of 
eoQivalrate  of  carbon,  and  consequently  belongs  to  tho  category  of 
oucr  organic  Bubstanccs.  No  moans  is  known  of  fixing  directly 
the  value  of  the  equivalent  of  oxide  of  carbon,  becauiMt  this  latibstance 
is&eatral  and  forma  no  well-marked  compound;  and  the  formula 
C,Oa  might  therefore,  without  any  inconvenience,  be  adopted  for 
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oxide  of  carbou.  The  equimlent  of  carbonic  acid  is  deduced  from 
the  analjeis  of  tlio  corbonatLi).  Noir,  twi>  B«rics  of  carbonates  arc 
known,  whicli,  vrith  ttiu  uquiTAleDt  of  carbon  now  adopted,  are 
written  KO,CO„  H0,i2C0,.  But  it  bus  not  yet  been  decided  with 
certainty  wlucK  of  tliiH  series  aliould  be  considered  as  coutaining 
tlie  neutral  carbonates.  If,  contrary  to  what  the  majority  ol 
chemists  have  adniittt'd,  we  were  to  regard  the  second  series  aa  that 
of  the  neutral  carbonates,  we  must  write  the  formuln  of  the  two 
tones  2K0,C',()^  R0,C,O,;  and  carbonic  acid  ttouU  ihen  contain 
also  an  even  number  of  equivalents  of  carbon. 

Be  tUia  u&  it  may,  the  cucuiist  will  necesearily  regard  the  {general 
observation  wc  have  just  made,  and  avoid  adopting  a  formula  which 
cOQtaioH  au  uuevcu  number  of  equivulcnta  of  carbon. 

MrBBMINATION  OS  THE  I>ESBITr  OF  XBE  VAPOURS  OF  VOLATILE 

SUBSTANCES. 

§  1284.  It  has  already  been  shown,  in  the  preceding  parte  of  this 
work,  that  in  the  combinations  nf  elementary  gases  there  always 
exists  a  very  seuitible  mtiu  between  tho  volututtj  uf  the^^o  gnsos;  and 
that  when  the  resulting  compound  itself  is  goaeouK,  a  rery  tuniplc  ratio 
between  its  vulmuo  and  thu  )>um  uf  the  volumoB  of  the  component 
gaaes  is  ohscrv'cd.  This  law  apphoA  not  only  to  Hubstancca  wliicU 
are  gaseous  ut  tliv  ordinary  teuipLTature,  but  probably  to  all  vola- 
tile substances,  if  they  aro  observed  at  a  temperature  sulHcicntly 
high  for  them  to  exist  in  the  state  of  vapour,  atid  if  this  temperature 
is  ftufSeicntly  ahovo  the  point  of  li(|uefactii>n  t»  enable  the  vapour 
to  follow,  at  least  by  approximation,  the  laws  of  expansion  and' 
elasticity  admitted  for  tho  pormanent  gases.  It  has  been  showo, 
moreover,  that  in  the  conipouncl  gases  to  which  similar  chemical 
foTiQulsB  are  awgned,  the  equivalents  are  represented  by  the  sanio 
nomherof  volumes  of  vapour.  Thus  clilorohydric,  bromohydric,  nnd 
iodohydric  gas,  resulting  from  the  combination  of  2  volumed  of 
hydrogen  with  2  volunn's  of  giuioous  chlurino,  brcHnino,  and  iodine, 
have,  as  their  equivalents  in  volume,  4  volumes  of  gas.  The  eqai-  ' 
valents  whicli  wc  shall  he  led  to  adopt  for  tho  numerous  carburetted 
hydrogens,  if  we  arc  guided  by  cousldemtions  analogous  to  thoso 
advaaoed  in  §  1231  tor  olcfiant  gas,  arc  ait  represented  by  4 
votnmes  of  vapour.  The  equivalent  of  gaseous  alcohol  is  reprosnitcd 
by  4  volumes,  if  we  adopt  for  its  formula  0,11,0,  Tho  chemical 
rcactioiJB  of  several  organic  substances  are  perfectly  analogous  to 
those  of  alcohol ;  and  tJie  formuire  which  wo  arc  led  to  adopt  for 
them,  from  considerations  analogous  to  those  indicated,  (§  1232,)  fix 
their  gaseous  equivalents  at  4  volumes. 

Ether,  to  which  we  assign  the  formula  C,HjO,  is  represented  by 
2  volumes  of  vapour,  and  consequently  tlie  organic  xnostancee,  the 
chemical  reactions  of  which  are  analogous  to  ether,  are  also  rcpro 
Bcntfcd  by  two  volumea  of  vapour. 
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It  vill  from  this  b«  nnderstnod  that  the  dcositj  of  tlie  rapoars 
of  volatile  compoiindB  furnJBlies,  in  a  gtvu  uumber  of  (Msea,  ilata 
valaoblc  in  guiding  the  choico  of  their  chi'mical  formtilic,  cspcciaUy 
vrheo  suuh  cumpoun'Ll  tiuve  hci^n  litit  littlo  studied,  and  but  a  email 
numbur  of  their  chooiiciil  rcuuttuQa  (aud  these  cot  \crj  iroll  uukrkcd] 
arc  known. 

Somo  rcktilc  substances  yictd  mpoora  vbich  obey  the  laws  of 
pennaaent  gases,  starting  at  twiipcralurea  riiiacd  onljf  70"  or  100° 
above  their  boiling  point;  while  otter  rapours,  on  tbc  contrary, 
only  ob«r  [Iiese  laws  approximntt^r,  when  thej  arc  hcati-d  360®  or 
450°  above  this  point.  Now,  aa  the  laws  which  go7ern  the  com- 
binations of  gaseous  bodies  exist  rigorouslj,  only  uadcr  circum* 
stances  in  which  the  gnscs  follow  the  law  of  MarJotte  in  their  eloft- 
ticitics,  and  present  c(]ual  coefficients  of  expansion,  it  will  be 
XMcetnij,  in  aetemiiniag  the  density  of  a  vapour,  compared  with 
that  of  atmospheric  air  under  the  same  circumalances  of  temperature 
and  pressure,  to  ascertain  if  the  density  found  at  one  tompcmtnre 
remains  the  same  at  tcmpcraturcfi  which  diScr  less  than  !?0°orl08''; 
and  it  is  only  when  this  condition  is  satisfied  that  the  vapour  can 
be  atlmitled  to  bdoDg  to  tbc  permanent  gases,  and  that  the  formula 
of  the  substance  may  be  eetablislied  on  the  density  of  its  vapour. 

Wc  will  adduce  a  few  examples  in  support  of  the  truth  of  what 
has  just  been  said. 

Xlonohydrated  aeettc  acid  C.H,0,+HO  toils  at  S'lO'  under  the 
ordinary  pressure  of  the  aimospuere ;  and  the  dvosity  of  it8  vapour, 
compared  with  atmatpbcric  air  under  tho  sarao  circumsta&ees  of 
pmssure  and  temperature,  have  been  found  at 


257* 
266 
284 
SOS 


S.180 
.  S.105 
,  2.907 

2.727 


820  2.604 

888  2.480 

856  2.438 

874  2.878 


892® 2.248 

428  2.132 

464  2.090 

518  2.088 

690  2.085 

608  2.088 

687  2.083 


It  will  be  seen  tliat  tho  density  of  tJiis  vapour  diminiahes  con- 
tinually to  the  temperature  of  464%  which  is  216"  above  the  boiling 
point  of  the  substance.  But  it  will  also  be  seen  tliat  from  464°  to 
h87°  tba  density  docs  not  sensibly  vary :  this  constant  value  of  the 
dcaitty  imiai  therefore  bo  adopted  when  the  vapour  of  acetic  acid 
is  compared  with  the  perm.inent  gases. 

la  a  great  number  of  other  volatile  substances,  the  dcusitj  of  the 
vapour  attainf)  it«  constant  value  at  a  few  degrees  above  its  boiling : 
pomt:  thus  for  alcohol,  which  boils  at  173.8  ,  the  following  denat- 
tiea  of  vapour  have  been  found : 
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190.4* 

.  1.72.5 
.1.649 
.  1.610 
.1.603 

302".... 
347  .... 
392  .... 

ISRS 

a.607 

280     

1.602 

257      

From  280*^,  whlcli  is  only  about  56^  above  the  boiling  point,  the 
vapour  of  alcohol  preeen'ee  an  olmoat  conataQt  dcueitr. 

§  12<'i.').  The  densitj  of  a  vapour  is  the  ratio  bctnccn  the  weight 
of  a  certain  Tolnme  of  tbia  vapour  and  that  of  the  same  volume  of 
atmoapheric  air,  under  tbc  eamt-  circamstancc^  of  temperature  and 
pressure.  Tbe  ireight  of  a  eivaa  volume  V  of  atmospheric  air,  at 
a  knovm  tempcrnturc  and  uniucr  a  known  pressure,  is  easily  dotcr- 
miaed.  If  lim  toupcraturo  is  oxprcascd  bj  T,  and  the  pressure  by 
fi^  the  weight  P  of  the  volume  V  of  uir  will  be,  supposing  V  t« 
rapiweDt  the  volume  cxpi-ossed  in  cubic  contimotrcs, 

P  =.0.0012932  gm.V.i^,iJ^.?^. 

The  elaatic  force  H,  is  supposed  to  be  rcprcwnted  by  the  height  of 
the  column  of  mercury  at  32'=',  wbich  will  balance  it,  exprewd  ut 
miUimctrct),  wbilc  T  rcpreecnt:}  the  centigrade  temperature  of  an  aJr 
thennomoter. 

To  uLtain  tbo  dcmtlty  of  a  rapour,  it  is,  therefore,  suSicient  to 

d«tormiiie  the  weight  P'  of  a  known  volume  V  of  lliJs  vapour,  at  a 

temperature  T  aud  under  a  pressure  lio.     Two  different  methods 

are  used  for  this  purpose:  in  the  first,  the  volume  occupied  by  a 

known  weight  P'  of  the  volatile  eubstancc,  at 

the  temperature  T  and  under  tlie  prcesoro  H^ 

is  measured :  while  in  the  second  method,  on 

the  contrary,  the  HubHt.inco  is  vaporised  in  a 

Suk,  of  which  the  volmne  is  Imown  tt  priori, 

and  the  weight  of  the  vapour  which  filla  it  is 

detCTiniacd  by  experiment. 

In  order  to  ascertain  tbe  density  of  a  vapour 
by  the  first  mothod,alarBeb«ll-gIaaaC,(6g.e32,) 
aocurotcly  divided  into  cubic  centimetres,  and 
previously  dried  with  tbc  greatest  care,  is  filled 
with  very  dry  mercury,  and  then  inverted  over  a 
mercui'ial  b8th,Bl3o  very  dry,  contained  in  a  cast- 
iron  pot  V;  while,  on  Ao  other  band,  a  email 
globe  (^g.  633)  is  filled  with  the  volatile  liquid, 
tbe  specific  gruvjty  of  which  is  to  be  aacer- 
tained ;  and  haiing  hermeticaDy  nealed  its 
point.i,  the  weight  of  the  liquid  contained  io  it 
is  exactly  dewnnined.  The  small  globe  being 
introduced  into  tho  bell-glnss  C,  the  latter  is 
r~\^  then  surrounded  by  u  glass  cylinder 
"^y^r^  maintained  in  a  vertical  position,  and 
Fig.  038.  is  filled  with  water,  if  the  temperature 
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is  not  to  ciMcd  212',  vljilc  o.  thermomoter  t  is  «o  kept  in  th» 
irat«r  that  tlic  mercurial  column  is  alwu^rn  under  tbo  level  of  the 
liquid.  The  diameter  of  the  cyltD(l«r  sboutd  be  5  or  6  centimetres 
Ir^  thnu  thut  nf  ttic  pot,  so  tbiit  ttiu  ntmuapbcric  pressure  may  be 
directly  exerted  on  n  circular  gurfuoc  of  mercury,  comprised  be- 
twccu  tbe  outride  uf  ibc  cylltnltT  uiid  ibc  iiusidc  of  tbu  pot,  and  of 
wbicb  tbe  level  may  be  accuralt-ly  Etaci-rtalned  by  a  double- pointed 
*crcw  r,  the  lower  point  of  nhich  ii  in  exact  c(Mitaot  with  the  sor- 
f«oe  in  the  mercury. 

The  kettle  being  placed  on  the  fomDce,  the  temperature  is  grada- 
slly  raised,  when  the  exi>aii8iou  of  tbe  lli^uid  soon  breaks  ihe  glass 
glohe;  and,  when  the  tcnip<Tft.nirp  is  siifiicieotly  elevated, the  li*]uidia 
converted  into  vapour,  which  depreases  tbe  mercury  iu  the  bell-glass. 
The  heat  Li  continued  until  the  water  in  the  cylinder  hoil»,  after 
nfhich  the  volume  occupied  by  the  vapour  and  the  pressure  to  which 
It  is  suhjecteil  are  accurately  noted  down.  In  order  to  obtain  the 
latter  datum,  the  lower  point  of  the  screw  is  brought  to  the  exact 
level  of  the  surface  of  the  mercury  between  the  cylinder  and  the 
Jccttte,  and,  by  means  of  a  cathetometer,  the  difference  of  level 
between  the  Hurfiicc  of  ihr  mercury  in  the  heli-j^IasH  and  the  upper 
point  of  the  screw  ia  dotcrminod,  to  which  length  must  he  added 
that  of  the  Bcrcw  ulrnuly  known  d  priori,  in  order  to  obtain  the 
bci^t  A  of  mercury  which,  in  addition  to  the  elastic  Tapoor» 
bnlancct)  the  cxtcmiu  barometric  pressure.  The  column  h  of  mcr- 
cury,  reduced  by  calculation  to  32*,  being  anltraoted  from  the 
height  of  tbe  baromi'tcr,  also  reduced  to  32°,  will  give  the  elasUc 
force  H'„  of  the  vapour. 

Tbo  fact  that  the  cylindor  nurrounding  the  hcll-glaaA  ia  rarely 
perfectly  cylindrical,  civcs  rise  to  deviiitions  iu  the  luminous  rays, 
which  may  affect  the  dctcnuinjvtion  of  the  height  h,  by  means  of  the 
cathetometer,  while  the  cylinder  Is  filled  with  water.  To  be  sure 
of  this,  the  micrometric  wiro  of  the  telescope  of  the  cathetometer  ia 
directod  over  the  division  of  the  bell-glass  nearest  to  the  level  of 
the  mercury  inaide,  and  the  water  is  then  removed  from  the  cylin- 
der by  means  of  it  siphon ;  when  it  is  easy  to  ascertain  wheiber  the 
wire  of  the  micromeier  remuinn  over  the  division,  in  whif^h  caao  tbo 
interposition  of  the  lit^uid  filling  the  cylinder  has  certainly  pro- 
duced no  abnormal  deviation  of  tno  ray.  If  there  has  been  any  dis- 
placement, the  micrometer  is  again  brought  over  tbe  same  division, 
and  the  distance  travelled  by  the  vernier  of  the  instrument  then 
ffttB  the  correction  to  be  maoe  in  the  height  A  observed  in  the  first 
cue. 

When  no  cathomctcr  is  at  hand,  the  siimplest  way  of  determining 
the  height  h  consists  in  carefulEy  marking  the  position  of  the  inner 
level  of  the  mercury  on  tho  divisions  nf  the  bcll-glasR,  and  levelling 
exactly  the  external  cirrutar  surface  of  tbe  hath  with  tlie  lower  point 
of  the  screw  r.  Tbe  water  is  then  entirely  removed  from  tbe  cylin- 
Vou  11.— 2  K 
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d«r,  tho  last  drona  h^mj:  sonfcffd  up  by  tissHc-pftper,  and  thon  morcurr 
ia  poured  into  tue  keltic^  bo  aA  again  to  briog  the  externsl  eurfucc 
of  the  mercury  on  a  level  with  the  point.  As  the  mcrcarinl  bath  is 
on  the  snine  level,  both  on  the  insioo  nnd  outei^e  oftliti  cjliodcr,  it 
suffices  to  mnrlc  on  the  bell-glnHs  the  dinnion  to  which  the  1ct«] 
^  reaoh«e.  The  Lei},'ht  h  is  then  equal  to  the  distance  botveeo  this 
dimion  and  that  at  ivhich  the  level  of  the  mercurr  on  the  inside 
of  the  bell'glaM  stops  at  tlte  moment  of  tnca8unzij>  the  rolome  of  a 
Tupour. 

If  the  substance  boilg  at  a  very  Ion-  temperature,  the  density  of 
'ite  vapour  is  nonictimea  determined  at  a.  temperature  below  212* ; 
and  it  is  then  souchl  to  render  stationary  the  temperature  of  the 
wntcr  in  the  eyliQiicr  at  the  exact  temperature  at  which  the  volume 
of  va|)our  is  to  be  observed.  By  pru])L>rly  rej^ating  the  fire  under 
the  kettle,  a  moment  urrirea  at  which  the  upparatua  receives  from 
the  furnace  a  quantity  of  heat  equal  to  that  which  it  loees  from  it« 
vbole  surface  by  contact  with  the  Burroundine  air,  and  by  the  m- 
porization  of  the  water  in  the  cylinder :  which  period,  frequently 
twtJnc  8  or  10  minutes,  is  chosen  for  the  obsen'ation.  The  water 
must  be  constantly  stirrud  with  the  agitator  jjmn,  in  order  to  obtuin 
B  uniform  temperature  throughout. 

If  it  is  required  to  observe  the  volume  of  a  vapour  at  a  tempera- 
ture above  212",  the  water  in  tho  cylinder  19  replaced  by  a  fixed 
oil,  which  ahould  bo  as  colourless  ana  transparent  aa  posaiblc;  but 
the  experiment  is  then  more  difficult  and  the  results  less  exact. 
The  oil,  of  which  the  cuuacitr  fur  heat  ia  much  less  than  that  of 
water,  cools  rapidly  in  tuc  mr,  and,  in  order  to  obtain  a  high  sta- 
tionary temperature  in  the  oil-bath,  the  mercury  in  the  kettle  must 
bo  heated  to  a  greater  degree,  und,  therefore,  evolve*  copious  va- 
pours, which  must  be  avoid,cd.  It  ia  also  a  matter  of  uncertainty 
whether  the  temperature  of  the  column  of  mercury,  which  is  raised 
in  the  bell-glaiui,  and  stands  in  immediate  contact  with  the  rapoor 
the  volume  of  which  is  to  be  found,  ia  not  higher  than  that  of  tbe 
surrounding  oil ;  and,  laatly,  if  the  tension  of  the  mercurial  vapour 
can  be  neglected,  n-ithout  any  appreciable  error,  for  tcmperatarce 
below  212°,  (for  at  this  temperature  it  only  reaches  a  i  millimetre,) 
thU  is  not  tho  cane  when  high  temperatures  are  necessary;  and  tbe 
tension  of  the  mercury  must  then  also  bo  taken  into  account,  by 
being  added  to  the  elastic  force  of  tho  vapour.  For  these  variotts 
reasons,  the  process  juat  described  ia  not  »o  well  adapted  to  tem- 
peratures above  SOU"  or  35(1''. 

§  I23ti,  The  second  method  is  applicable,  on  tho  contrary,  to 
any  temperature  whatever;  and  the  only  difficulty  it  present*  is 
that  of  procuring  vessels  to  hold  the  vapour,  which  are  not  mis- 
Bhapen,  or  liable  to  injury  when  expoeei  to  a  very  high  tem- 
peratoro. 
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A  gl&33  bullooQ  A,  (6g.  634,)  containing  400  or  500  eobio  oenti- 
metres,  and  draint  out  into  an  open  aod 
curved  point,  as  represented  in  the  figure, 
(ft  used,  and,  in  the  first  place,  dried  per- 
fectlv  by  meanH  of  an  air-namp;  juter 
whicQ  it  is  placed  on  the  disK  of  a  scale, 
near  a  thermometer  arranged  in  the  cage. 
In  15  minutes,  in  which  time  it  may  bo 
mippoiiied  that  the  balloon  bs.s  nttuincu  the 
surrounding  lemperature,  it*  exact  weight 
P  is  asccrtoincd.  whih;  at  the  eamo  time, 
the  toiiiporaturo  (  of  the  thermometer  and 
the  hcii^lit  U  of  the  baroinotcr  aro  marked ; 
I  the  weight  found  by  direct  weighing  being 
chat  of  the  balloon  it«elf,  in  uddition  to  the 
wvight  p  of  air  it  contains.     Lot  V  b«  the 

capacity  of  the  balloon  expressed  in  cubic  centimetre*,  tLea  will 

the  weight  p  of  the  air  whtcb  it  contains  be 

p=0.0012932  .  V.        " 


Fig.  G^l. 


bad  the  weight  of  tho  balloon  alone  is  therefore  {P—p)- 

About  lOgrumincs  of  the  liquid,  the  density  of  whoso  vapour  it  to 
lie  determined,  being  inlroducud  into  the  balloou,  the  latter  ia  faat- 
«ned  on  a  copper  aupporl,  with  ita  tubulate  upward,  tn  facilitate  the 
escapL>  of  tlis  air  wliioh  is  expelled  by  the  vapour  dereloped  during 

'th«  oxpcrimcnt.  'Ihis  support  may  be  variously  ebapcd:  in  fig.  ti34 
icis  oompoaed  of  two  metallic  rings,  the  lower  one  of  which  ab  is 
SDpportea  by  three  small  feet  which  keep  it  at  a  distance  of  3  cen- 
timetres from  the  floor,  while  it  is  provided  with  two  grooved  up- 
rights a«,  hf,  fastened  together  by  a  croBspicco  ff.  The  upper  ring 
cu  has  two  ears,  which  alidL-  in  the  groove  of  the  uprightt)  ae,b/; 
•ad  the  balloon  A  in  fittM  between  Iho  two  rings,  and  held  firmly 
by  two  corks  k,  h',  which  arc  pressed  by  two  screws  g,  g'.  A  verti- 
eal  piece  has  a  movable  crosspiece  mx,  serving  to  support  two  ther* 
mometers  T,  T,  of  which  the  hulbx  should  be  at  the  height  of  the 
ocntr*  of  the  bfllloon.  As  tito  crossnieee  mn  a  movable,  varioas 
potttioQS  in  the  bath  can  be  given  to  the  thermomctera,  in  order  to 
MMitain    whether  the   temperature   of  the  latter   be   the  same 

■throughout. 

The  liquid  balh  in  which  the  balloon  is  heated  is  contained  in 
ft  east-iron  kettle  placed  over  a  fnrnace.  When  the  tempcratnro 
b  Dot  to  eicoed  212°.  the  kettle  is  filled  with  water,  while,  if  it  is 
oompriaed  between  212°  and  257%  it  should  contain  a  solution  of 
ehlorirle  of  calcium.  When  a  temperature  of  from  267"  to  302° 
is  reijuired,  a  fixed  nil  is,  used,  giving  the  preference  to  animal  oils, 
such  as  neatsfoot  oil,  as  they  yield  lees  vapour  at  the  same  temper- 
.  and  their  vapours  are  less  soid  than  those  of  vegetable  oils. 
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Fig.  UJC. 


liMtly,    if    the   operation   demands  a.  atill   liiglicr 

jseiaUtc  bntltfl,  formed  of  iMoy^  of  IoeuI,  bismuth,  and  tin^  an  em^ 

Fig.  635  represents  a  more  simple  apparains  than  ihac  of  fig.  6S4, 
ftnd  vrfaicb  posttcsacB  some  advantages  vrer  the  latter.  It  is  com- 
posed of  an  iron  rod  tp,  fa^toued  bj  means  of  a  iboiwbscrew  to 
one  of  the  ears  #  of  the  kettle  V.  Alone 
the  rod  Ip  slides  a  piece  of  bent  iron  c3 
tcrminnting  below  by  a.  ring  ffh^  on  whici 
the  balloon  A  rest«;  while  a  second  rin^ 
ef,  fastened  to  nn  iron  rod,  elides  along  the 
rod  cdy  avnd  muy  he  fastened  to  it  at  any 
height  by  a  ihiimbBcrew  i,  serring  to  hold 
the  balloon  in  a  fixed  position.  Ii  is  sufll* 
cicnt  to  slide  the  movable  part  erf  of  the 
support  alonj^  the  upright  tp  to  cause  the 
balloon  to  dip  into  the  kettle  V,  where  it  is 
then  Bocured  by  the  thumbscrew  r.  When 
the  metallic  Iiaih  ia  nsed,  it  should  be 
brought  to  the  liquid  Btato  before  dipping  tlie  balloon  into  it. 

A  second  iron  rod  t'p',  fastened  to  the  cur  »',  holds  the  air 
thermometer  B,  resembling  that  whieb  will  be  described  in  a  note 
at  page  414. 

The  bath  h  gradually  heated,  taking  care  that  the  lemppratnnt 
■h&ll  coiistaiilly  rise;  and  wheu  the  liquid  contained  in  the  bol- 
loOD  has  bailed,  it  begins  to  distil,  and  its  vapour  drives  off  the  air 
contained  in  the  vesael,  which  partly  ei^cJipes  by  the  point  a.  If 
the  MibBtanoo  be  valuable,  the  greater  portion  of  that  which  is 
evolved  can  be  collected,  by  introducing  the  point  a  into  a,  ftmall 
tnbe  ciniied  at  one  end.  The  temperature  i»  then  raiited  until  the 
point  at  which  the  examination  is  to  be  made  i»  approached,  when 
all  the  doors  of  the  furnnce  are  closed,  and,  stirring  the  bath  con- 
stantly, the  moment  is  awaited  when  the  temperature  becomes  sta- 
tionary. The  temperature  being  marked,  the  flame  of  nn  alcohol 
lamp  in  paased  tmder  that  part  of  the  Btem  of  the  balloon  which 
projects  from  the  fluid,  in  order  that  no  condcnucd  drops  alinll 
remain ;  after  which  the  point  a  is  uuickly  closed,  and  the  height 
T'  of  the  barometer  rtoted  down.  Tlie  balloon  ia  then  removed 
from  the  bath,  and  detadied  when  it  ia  cooled. 

The  temperature  T  of  the  mercurial  thermometer  requires  a  cor- 
rection, which  heeomes  of  great  impurtfknce  in  high  temperatures, 
and  wliicb  is  owing  to  the  circumstance  that  a  considerable  portion 
of  the  mercurial  column,  not  being  plunged  into  the  bath,  remains 
at  a  very  low  temperature.  Lot  (  bo  the  temperature  indicated  by 
a  small  thermometer,  the  bulb  of  which  is  kept  in  contact  with  the 
tube  of  the  principal  thermometer,  at  the  height  of  about  one-half 
of  the  mercurial  column  which  rises  above  the  level  of  the  bath ; 
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and  0  ihe  dJTisiOD  of  cho  prindpnl  tbcnnometer,  at  about  2  or  3 
ccntiioetrcs  nbore  the  level  of  tne  bath :  it  rnfty  then  be  admitted 
that  (T— s)  repreaentg  the  portion  of  the  mercurial  column  at 
the  average  temperature  (.  Now,  this  portion  would  dilate  by 
(T— a).  ^'.  if  it  were  boated  from  ( to  T;  for  which  rpasoti  the 
true  temperature  T'  of  tho  bath  is  obtained  by  adding  to  the  tcm- 
pcrataro  observed  T  iho  number  of  degrees  represented  by  tbe 
expce«sion  (T-s) .  ^^■ 

BaC  a«  tbe  t(.>mporature  T'  ia  tbut  of  the  mercurial  thermometer, 
it  is  necessary  to  find  the  temperature  T"  which  correspond*  to  it 
on  the  air  tbormometer.  Mcrcuriul  thermometers  agrco  acccssarily 
from  32"  to  312,'°,  which  ore  tho  fixed  poinld  by  wbicb  their  scales 
are  (governed ;  while  they  differ  at  a  temperature  nboro  212", 
bocanse  tltc  various  kinds  of  ^Idjks  of  ivbicb  the  bulbfl  of  thermome* 
tere  are  inado  do  uot  obey  the  sauie  law  of  expansion.  The  fol- 
loving  tabic  shoira  the  aimultaufous  tciaporaturcH  indicated,  l&t, 
hy  a  mercurial  thermometer,  of  which  the  bulb  h  made  of  the  onli- 
nat^  gl&si  ue«d  in  Paris  for  making  chemical  tubes ;  2dly,  by  a  mer- 
curial chermumeter,  of  which  the  uulb  is  of  crvstal  from  Chotsy-le- 
Roi;  and  3dly,  by  an  airthcrmoraetcr,  of  which  the  volume  of  air  i» 
cooataat  and  the  prcasuro  variable.* 

iSimultan^ou*  Temperature* 

<lf  *  inenailikl  Bienno-  Ol  •  mwruilkl  lUicnoft- 

■Mnr  oronUiurr  t)\m.  anlet  nCiTTitiJ. 

100°      coatjgrado       lOO'     

109.98 IIO.OS 

119.95 120.12 

128.91 130.20 

189.85 140.29 140 

149.80 150.40 ISO 

159.74 160..52 160 

169.08 170.65 170 

179.03 180.80 180 

189.65 191.01 190 

199.70 201.25 200 

209.75 211.53 210 

219.80 221.82 220 

229.85 252.16 280 

289.90 242.55 240 

250.05 S-SS-OO 280 

260.20 263.44 260 

270.38 273,90 270 

280.52 284.48 280 

290.80 295.10 290 

"  TUi  bcinit  >  mrrelj  CDinpnriilivc  Utile,  tbc  contiitrBilc  dimions  biiTe  not  bsm 
comoted  lo  the  correspondtQE  tcmperatiLTCB  of  Ihc  Fkhrcnbcit  scaIc—  IT.  I,,  f. 
2x2 


ilisnnoiMtM. 
,..  lOO" 
...110 
...120 
...  180 
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MaBurnniriklOiarDio-  Of  »awnarUl  ili«aB»-  OtMaIr 

Bttrr  atvtCSmn  ti*^-  mMai'  of  nyiUI.  IWmMMih 

301,08* 305.72 SOO 

311.45 310.45 810 

321.80 327.25..... 820 

332.40 838.22 880 

343.00 349.30 840 

854.00 860.50 850 

>Vlieii  the  operation  is  porfnnned  at  higher  tcmptrntTirPS,  abore 
570"  (Fahrenheit)  for  example,  and  great  exactnesa  is  required,  it 
is  belter  to  substitute  «n  air  for  a  mercurial  thenuomeitr ;  wbich  is 
absolutely  neces9&ry  wliea  660'^  is  exceeded,  since  at  this  tcmpcr- 
Mure  mercury  boila  nnder  the  ordinary  presaure  of  the  almospliore; 
a&d  the  boiling  manifests  itself  even  at  somewhat  lower  tempera- 
tures in  thermometers  perfectly  freed  from  nir,  unless  the  calibre  of 
'  the  tube  bo  an  small  as  to  present  great  rpsistanco  to  the  ucent  of 
'the metal.     In  a  notc^*  at  the  bottom  of  this  page,  wc  shall  explain 

*  Tb«  nir  tttormomotcT  uattd  ia  llutBe  ^xpcrintont*  coiiR*l8  of  a  ainiite  cjUn- 
dri«nl  glosii  iNXCirroir,  of  nbnat  2  MBtimetrcs  indinmtter  nnd  12  or  16  ccatinMttti 
In  l«ii^li,  so4  iPTTnlBiitiDg  by  a.  oHpillar;  tubis  ot  whtcli  the  ealibra  1>  1  or  2  ailH' 
JDctrw.  and  wliich  U  bent  la  a  rl^t  ang1«,  &ti<i  ilnmn  out  &t  ica  end.  Th* 
ttKTrmi  ah  in  kt^pt  iu  itie  butli.  aloni;Mile  vt  tli«  bullcynn  in  which  Um  Tapoar  ii  to 
he  BCDcraKil,  Tlic  firnl  nlrp  is  lo  pprfpcily  dry  thn  rcurrrnir  at,  bj  crr«tliig  % 
tuciiuiu  in  ii  gcTomi  (imrg,  niiil  tlluwiiiif  nir  lo  enter  irtikh  baa  been  dried,  by 
pucing  thruuicU  u  tube  Allvd  hIiIi  piiiuicc-ftvtiu  tionked  in  coucoctrkted  mlphuio 
ftoiJ;  iil^ur  irliicii  tliv  bnlli  Ik  1isuIu<J,  niirl,  wlinu  the  (ciop'Crotura  becotoM  ftatlen* 
Uy  «t  lh4^  point  n(  which  the  evperimeut  it  tfitt  li^rmiDnlct,  th«i>&int«f  the  b«I- 
loon  and  tlint  of  the  airthonnoniBtur  Bte  closed  tlmultoiiMiuljr,  bfiBMti)  Oif  kluob. 
The  air  renurvuir  u  th»ii  plitei*  J  oil  the  nictallii]  lupport  raprwwntsd  in  flg.  686, 
theitcn  pMnng  tbrough  a  cork  friiiali  cIdki'k  n  tiihiiUiromfidfr  inlhe  centre  or  tlia 

Aiak  i/h,  wliilo  ihe  corveit  pvXm  ri/ enters  a  iniall 
mercurial  bath.  Tliu  extrriniij  uf  ihe  pciloit  bving 
brnlivu  «illi  a  pinr.rr^  th<t  cicrcurj  Hue*  in  tbe 
tobo  and  purtly  filb  the  tcsonoir  «i,  which  is 
turrotiDded  witli  ptiuoded  inc,  In  i;rd«r  to  reduce 
th-e  tempernturo  of  (Le  air  it  eontnitis  t«  $3?, 
when  Lbv  opnn  poinl  is  otoeed  with  a  b&ll  of  abfl 
wax.  In  order  to  |ierroTm  tldi  operaUon  canily, 
witlioui  cliniipiii;;  the  lefcl  of  the  merrnrj  is  the 
TeaSL'l  A.  fi  Biunll  iron  ipiinn  m  i>  UMid,  riptdered 
to  an  irOD  rod  or,  which  filideo  alcn;  a  hari- 
toDtal  bar  n,  iteclf  muvabU  al«D);  (he  Ycr- 
tical  foot  ri ;  the  raavable  rod  e>  being  fixed  at 
(tifh  a  height  thxt  the  bowl  of  the  apooD,  filled 
with  soft  wax.  ii  exuotly  at  the  height  fend  inlhe 
Jlr«cllon  ot  (hopuint  ed.  It  ti  thorofure  iiofB- 
cierit.  iu  order  lu  close  the  paint,  to  ■liile  the  end 
ue  alonK  the  horitontal  rod  in.  Tbo  mercury  Id 
thereMel  A  ia  thfta  UMtly  levelled  to  the  paint  ■ 
of  •  deuUe-paliiteil  ecraw  Jti;  Uie  iee  wbioh  eur- 
rouDiitd  the  rtecrroir  aJl  t»  remorcd,  and.  when 
Ihe merenrial  e«luinn  attains  thetenpcratur*  of 
the  Burretinding  %\r,  the  differenee  of  height  be- 
(weeu  the  rnercut^  in  ilin  roaertflir  at  and  tbe 
upper  poiut  i  ia  riacHjr  mcaaured,  by  mean  of 
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the  muuicr  of  arranging  an  air  thennoineter,  and  dcdacing  th« 
Wmperature  from  it. 
The  balloon  A  baring  been  ^ell  wip«<d  and  wosbod  with  nlcobol* 


ft  e>tli»tom«t«r ;  and  bj  sdiliaK  to  Uils  dllferiinea  the  length  of  tl>«  genir  U,  tb* 
height  S  of  the  column  of  mercnrir  »!prtttrd  in  the  %.\t  thennomete>r  is  obtained. 
L«t  ».  tio  ihii  hpiglit  nt  ^i'",  i!_  tlifl  huipfai  of  iho  bnrcimon^r  nUo  st  82^,  when  ths 
point  d  in  cloisil  with  wnx  :  tlicn  irill  ( EI,  —  A,)  rvprMent  ihg  glartic  fierce  of  tbo 
■Irio  tlM  rMorvrtir  ab  nt  iho  lrinprratur<?  of  ^'i*.  Th«  nipport  li  then  invprlnl. 
Ikedr  tkermoinelcr  rcmoTpil.  afUrh&Ting  detached  the  sdmo  ii,and  It  u  wriEbcd 
vithliisiaervurvQuiiiULuiad:  let  lia  weight  be  repTMeateil  b^Q.  The  tliormviiBo- 
1«r  b  then  filled  with  morourj,  wfaioU  is  boiled  to  driTccS  lie  last  Imbhlesiif  oir; 
the  prjinl  t-J  bcinf;  ke^t,  JuHiig  thii  time,  in  n  stnuU  cupsulo  filled  with  ntreatj. 
When  the  ippinlux  in  onnleJ,  it  in  lutToundirf  with  mi'lting  let.  BOd  completely 
AlUi)  with  meroarj  at  ^2°;  whim  it  in  again  weighed,  giTlng  naif  the  weight  (y. 
The  weight  9  of  tli«  eOTelnps  of  gloss  nioue  belug  aacertaiDed,  after  hntina  emptied 
It  of  mercary,  (Q — 5)  Is  iberefore  the  weiglit  of  the  mercurj  at  Hi",  nad  [Q — g) 
b  tbe  wtjght  of  the  luercur;  bx  llio  ihcriuoueter  wlico  it  was  on  ibe  tappon. 
{V—  ^  llterefore  repreientn  the  wciKfal  of  the  merourj  at  82°,  whioU  «ccuplet  the 
■aiMVOlniM  a«  Ui«  air  renaiiiiiiK  in  Uio  tbcnnoinctcr  nheo  itia  at  Zi",  and  under 
llie  pTeaanre  (H,  —  A,.)     If  wo  dMignale  by  /  Ibo  dcniity  of  the  ncronr^  nt  S*J°, 

—r~  repMuwnU  the  oapAcity  in  cubio  centimetre*  et  the  tliemtomcicp,  an<l  -^  -■ 

ibm  Taliuue  which  the  air  'occupiui  in  ttua  apparalua  at  the  isc'Ue&t  of  eloping  tba 
pemt  <  witk  wax. 

Now,    the  oapacitj  of  tha  thonnometar,  at  the  temperature  T,  baing-^^ 

(l+W),  tbe  Tolume  i>f  air-^^  at  n"  and  under  the  preat^ire  (H,— A,},  ihere- 
fop*  oe«api«%  when  it  ie  rai*pJ  to  the  t^raparaturo  T,  and  undft  the  prcaenre  n„ 
a  Ta((un«  "T^  (14-jIT).  The  volume  auumad  by  a  voluine  of  ur  —j~  at  82" 
Midnader  the  preHure  (H, —  fc,),  when  rfused  to  th«  tempn-ature  T  and  ondre 
(Iw  peeamre  H',,  nay  be  ealcrulawd,  by  the  Iciiawn  laws  of  the  eipaoBicin  of  aiff 
■adar  ehangee  w  tem^eraturiD  and  preatiiire ;  nnd  is  thtu  foaad  to  be, 


Q._q 


n,-*« 


^*:pJ(l+ O.0OS67,TJ'-!^^". 


vUch  leada  t«  the  aqaatios. 


fl'-» 


,o,-»,_«-?. 


( l+0.00m.T}?^'='^(l — *T), 


irhcDce 


l  +  tT 


l-t-aj»M7.T     tr— «         U'» 

T  m%j  be  deduced  frnm  this  equation,  bnt  there  ii  nn  neeenaiiy  nf  knnwinR  tta 
Tftloe  la  order  to  oalenlatethe  dcomty  of  the  vapour,  whioli,  latkct,  ia  repreaentad 
hj  the  expreaaloa 

0.0012932  .  V..-_i±^ 


t-t-axtaesj 


l  +  ^T 


SabMitatiog  for  -.  T  _lry  tbe  mine  first  found,  there  renlla  tor  the  Biprw 
Blaa  of  tbe  deultjr  of  ibe  Taponr, 

0.0012832.7.  '*'—'*  .  "■-**, 
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if  uect»«at7,  it3  weight  P'  is  accurately  ascertAincd,  talciug  core  tc 
operate  as  much  as  possible  under  the  s»iitc  circumstADCcs  of  t«m- 
peraturc  oatl  prcsaiu-c  u  were  observed  io  weigliiug  tlie  vmptj  bal- 


TUo  proceu  docribadljlllfitij  t«  appUcnblclothoitctcnniiiiilioii  orthad«fiiiiti«t 
oC  tt)o  vnpnar  of  lUl  Tolatilfl  organic  RubfiiuiCM,  ft.nil  tli*t  nf  volaliU  ndtMrtl  sab- 
■lui«BS,  when  ilifl  i«iDj;erftiiire  iii>ec)  not  b«  railed  above  930° ;  bat  it  it  of  diflleiill 
■pplic&ilon  to  kigber  tempore  I  urea,  beoftUM  the  gUu  Bofieiu,  *aA  Oxt  bkllMm 
bvoomw  mlisbiipen  Ttusn  llie  prcMur*  ot  the  metnllio  baih  iu  «h!c)i  it  U  faeated- 
^  aoiiiluciing  tlio  uapuriiuenl  in  tbo  metlmd  nUaui  lo  bn  ilcMtibed,  ciut  result* 
mu  beobtkincd  nrcu  nt  tka  Icmper&tnro  of  I10l)°  or  ]J0O°. 

Two  tubn  ah,  a'l',  (tig.  Ciit,)  of  lb«  tamc'  IccRtb  and  dianicler,  ins<l<  of  aa  liuU 
glOM  &i  pouibic,  aro  UMd,  ono  of  which  >i,'rv(>ti  a»  nu  kir  tii«nuuin«lcr,  wlijlv  tli« 
Hconil  i(  iiitandod  Io  ODntiim  th«  v«[)otir  of  the  t^'b^''*)  mb»tiLnc«.  Tba  Utter  U 
eomppuvd  of  a  regnrTaiT  a't',  a  onpilluy  portion  bV.  and  a  larger  portion  cfd,  in 
whicl)  a  portion  of  (he  vulaillitud  subslutiui;  wbioli  oKc&peH  from  the  reMiruir  o'A' 
la  condeiLBed;  anil  Uwair  Uirruuiiaelvt  lenninntEi  in  n  aupiliarj- tube  6c.  totliv«Dd 
of  wUch  la  lutsi  a  amall  stocl  elopcook  r.  Tho  two  lubia  nrc  aniuigeil  aloDgaide 
of  CMih  ether,  on  it  BtnAli  eupparl  made  of  three  parallel  disks  of  Bhoet-Iroa,  held 
#        K-w'  M>        togvUior  bj  iron  ivds.   The 

'  **-■*-  air  lii«roomel«r  baa  yivti- 

^  ^  ^illlg  I.  W?***  "^^T  *'**■  i^*d  wilt  dry 

*f'f       "~Hffi^'  '  ■■        B  Jia    oif.  md «  eertain  quantity 

T     '   ?'?'  ■■■■■J^  (,(  i],Q  Kibataocv.  the  den- 

Bj      (jjj-  *  lity  of  the  Tapnur  of  which 

^'        '  ia  to  bs   delormtued,    liaa 

been  Introduaed  into  the  tnbe  s'S'e*.  They  no  heateil  fclmultiincuufly  in  air  ap- 
paratus [flg.  (}38)t  suide  of  tirv  oc  Ikreu  oouoentHo  akect-irun  lubcB,  cloned  M 
jf  f   ouc  cod,   oud   diftnnt    fran 

'  ~  '  -      eiH'h  olber  iil>!>ut  <tat  etbti- 

iniotre,  the  pipes  Vising  Intro- 
duced into  n  coM-iruii  t«b* 
ABCl),  placed  on  k  aami- 
rjlmdrionl  Kmte,  *o  thM  It 
iiinj  be  surronitdcd  by  obAT- 
ooal. 

The  epparotut  bdag  bt- 
raoKeili  the  grate  it  UlcJwitlt 
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bnmiiig  coals,  and  the  Umpomturo  rapidly  Tailed,  kToidiof  all  cftuie  of  anddett 
OQolinK'  Wb«n  Llie  ToUtile  mbittiLnno  iB  diatillod,  and  the  excoM  hju  oondanaed 
in  the  «oId  portion  of  tbe  tube  i^il,  tlie  Ir<inporn.liiro  ii  af,aXn  raised,  (If  the  gU«i 
doen  not  became  mlaabapeni,)  this  tlmo  ns  t^l(lI•l;  as  po'eible.  The  alopoook  r  o( 
the  air  thermameter  in  tlien  claaed.  while  nt  tba  tamv  tima  the  oapiUary  tube  tfi 
which  t«rrainftt«>  tlin  Taponr  reacrndr  n'^  ii  m-ikteil  b/  ineana  of  the  flamo  of  a 
IftDip.  The  hdieht  TT'  nf  iLo  barMiieter  bein£  ddh  noted  down,  llie  aupporC,  with 
the  two  tubes,  which  are  allowed  t«  ooel  complelely,  ia  renoTed. 

la  order  to  delemtne  the  temper  a  liiro  T  Io  wliieb  the  air  thennoiDeter  Iwe 
bM& railed,  the  Utter  leplaoed  in  commaDieation  with  Ihtdnanometrioi^paratas, 
[tip  KStft.}  which  la  eompoaed  of  two  ciibei^,  Ki,  luted  Into  a  piece  haling  a  atop* 
oock  R,  reiembllng  tlut  uf  iLu  fij^ure.  ilie  upper  cud  of  tba  lube  hi  being  open, 
wliilu  the  tutie/jr  jh  teruduuted  I^j  a  bsiil  enpillary  tube,  to  whidi  a  »tecl  tuknJure 
I  tins  been  luted.  Kit,'-  ^i^  ri^gircirnli  a  ecclion  of  the  nlopcoirk  tubulurc  r, 
niuunlrd  on  the  air  tlieroinBirtrr,  nod  n  ie«lian  of  iho  tubulurc  i  of  the  manone* 
ter.  It  will  be  «e«a  thot  the  ftrat  tubolore  la  tenulaattd  by  a  pUia  (urfMe  «A 
iLod  0,  pngoctin^  ooaa  s,  while  the  g««oad  hati  aleo  a  plain  aurfaoe  a'h'  and  s 
hullow  coTiea',  which  oanctly  His  the  pliiia  surface  and  projeollng  eooe  of  l&e 
ntiier.  In  order  to  eloBe  iliem  herraetleallj.  it  !■  eufiicietit  to  pr«>a  the  two 
pitru  ncnlusi  each  other,  by  ineuui  of  Uiu  ptncer*.  (Sr.  &41,)  whicFi  I*  tightened 
with  aar«ws,  afler  banns  poured  in  n  ennll  i|uaniity  of  melted  cnoutchoae. 
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loon ;  and  in  caao  the  new  drcamstanccs  shoold  differ  greatlj  from 
the  former  ones,  a  correction  will  be  neceisiry,  wliich,  however,  w© 
shall  Bot  me&doii,  aa  ia.  general  it  ma.y  be  neglected. 
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The  tBBiw- 
meter  hu  besa 
lllleil  trith  mcjv 
oiiry  hefon 
ntlaplinc  the 
tbcnnoiDttvrta 
III;  AiidthtUt- 
itv  ■§  Ihon 
ct'inpletelirmr- 
TDUnilvd  hy 
niehiug  ioo, 
irhon  Uie  nier- 
curj  of  the  ma- 
tiomel«r  la  »]- 
luntd  tovtiaape 
throit|;li  th« 
etcpoec1(  It  (» 
ai  to  prndam 
*  grvU  diffvr- 
ODce  bHween 
the  IcTcl  iQ(b« 
culutuoa  ;;;,  ki. 
Tlie  3top«9ck  r 
i>  then  opnnod, 
and  &  ponloti 
t>t  tbe  Twartolr 

di    ulluweit     to 

etil«r  tli«  tnti* 


alttr  vbich  mercnrjr  in  cnrefull;  poarad  into  tho  tube/i*.  so  u  to  bring  it« 

el  BQCDrfttel;  to  a  murk  a  at  tbe  top  of  the  tube  jii.     Tho  nc^t  step  Is  to  met- 

\tKn,\j  t])«  c&UieluDietor,  llie  diffcrouoe  \  of  the  height  of  thu  m«n:unal  cuIumsH. 

M<1  W mttirli  tbe  tcrapi-r&tur«  forUiomkU  ll)«nnaiii«tM' at  Ui«  t\'\v  uf  lb<  uaouuie- 

,  tor,  M  veil  ■■  Ihc  hcigbt  il"of  thebnrumctvr.    ThoTolamevf  nir  is  thvn  comppsird 

Df  Uw  Tolamc  V,  tijnil  ta  the  cApneity  of  th«  klr  thermomMer  aA?,  kept  >t  H^", 

■wi  af  thfi  v«lnmo  r  which  th«  nir  occupJE*  in  tbe  nniioini'tcr  at  tfaa  ttmjiera- 

I  f .    Tlia  weight  of  tbJs  &ir  is 

0.0OI2'J82  gm.  [V'+r  i+si«ol  ^'^ 

How  the  Mm»  <iuantlt7  of  tir  oomipi«d,  ttt  theunkiiAwn  tcmptmitim  T,  %\  ili«  d*o~ 
■enttif  closing  the  gtopcooka,  n  vatume  V  [1+*T),  and  Its  wvight  wu  expreiMd  bj 

tbnt 

0.0012932  [v'+.f+^-^J  ""^-OOOlSMZ.Vi^^:^-^-. 
rh»e« 

The  tceond  mcmbtT  of  iIm  equation  contaioa  «alj  knoim  qnantitiea,  eioept, 
eed,  th«  raiii>  -^  trhieh  ia  deiennlned  In  the  foUovIng  manner : — The  tube  oAr 

;  datadtei  fr«m  tb«  maDomt'lcr.  ih«  tvbe  yA  ti  conpleteljr Ailed  «itk  raercorr; 
.  U«n,  hringiag  Ihv  ito^-Duck  R  into  the  poaition  of  Sg-CSB,  the  meronrj  in  tbi 
'lig  ji  is  nUoiT«d  lo  easkps  nDttliUlerel  reuhee  tbe  nark  d,  while  the  mereiuj 
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P*—  (P—p)  Iborcfor*  represents  the  weight  of  the  Tolatile  sub- 
et«nec  wliicn  remains  in  trie  balloon,  tbe  point  of  wbich  being 
lirokeD  under  tbe  mercory,  tbe  atmospheric  pressure  cauHca  tbf 

vUehMonpM  lBcotI«etcd  las  ermsll  bottls  nnd  weighed.  Its  weight  auo^  !)«£<»- 
•iderad  ta  reprciiriitiuj  Uis  volume  v.  The  nercuiTr  la  allawed  t«  ctcftpo  fran  U« 
leg  pA,  it  until  iu  larvlTeachei  imocbpr  mtrk  £,  on  tbe  lub«  jrA,  wlivn  tli« qumaiUy 
lhu«  obtained,  tMiog  w<iixlie<l,  cooipDnnilj  ((mvatume  r' whtcli  vhnuld  be  s  ii«utU« 
fraction  of  lli«  captcltjr  of  Ihc  clicrmg meter- tube.  Tliia  bcinic  done,  and  the  lent, 
«f  the  Eaereurj  rcaoUag  tli«  mark  «  oftbo  moDoniolor,  uDdrr  the  presanre  i 
■(niua)>ii«ro,  tlic  air  thernomnter  ii  fiUeJ  to  tl>«  nnux^uieter,  lh«  reaonrou' nfrl 
krpt  nt  the  I  (Till  pern  I  ur«  of  (hi*  iiiirr'iun<3ing  m«!iurn.  Asthu  tno  toIuiddb  cf  i 
arc  on  n  trvtl  in  tii«  mflBomeCcr.  th<'T0  la  a  voliiiue  of  air  ^V'-{-p)  uttdoi*  Iho  tstcr- 
nnl  prof"urc  H.  The  mercury  is  uilowed  lo  flow  frum  the  Iwo  ltg»  of  the  maoo- 
metvr,  bj  briiifiing  the  •lupeock  H  into  Ilia  posiUon  in  tfao  tgvre,  and  Ilia  lerel  of 
Ihe  mercury  it  brought  to  the  mark  ^ ;  whan  the  two  coltunna  are  naw  iio  longer 
bu  u  Il-ycI,  anil  tlielr  dUTercncp  ufbelghL  h  can  be  meaiure'd.  Tlier«  is,  tbcrarore. 
a  Tolmno  of  air  (V'+c-^-r')  imJer  tie  piraourE  (H— A) ;  and  agrceatilj  to  tka  law 
of  Mamtt«, 

V+f        H— A 

whence  tlie  To1i)meT'inn3rbe  di^nccd. 

It  Duw  onl^  remalna  lo  aacerlain  the  weight  of  the  vnpoar  which  llUed  the  n- 
aerroir  a'b'  at  die  mamcDt  of  cloAlng  il,  and  ibc  capacity  of  (be  reaerruir.  It  mij 
lie  admUteiJ  tiiut  the  rcaerrolr  a'lr'  doea  not  coutam  aa,r  air.  bn(in.iiiic  iliere  wal 
orifcinnlly  introduced  icto  it  a  quantltj  ofToLuliU  multcr  nulEdcnt  lo  expel  all 
tL«  air.  Tbo  cliiscd  cnit  of  Ibc  lube  ia,  Iherefoiv.  broki^a,  nad  tlio  latter  wei^ad 
I  witli  air  and  tlici  tubncan^o  it  eontains :  nfirr  which  its  w«^ghl  in  again  aacar- 
'  l^ad  «h«ii  the  Riibatnnoo  hiv«  been  rcmoi^.  tho  difference  oT  weight  rrcpreaeat- 
Ing  the  weight  of  the  *iibi.tfince.  In  order  to  obtain  thu  volumn  V  of  the  r«a*rv«lr. 
the  <|uanlitjr  of  water  wbkli  will  Gil  it  ia  weigtied;  and  niiw  ill  the  clemenia  are 
known  whicli  are  neceaeary  to  cnlonlato  thu  densitj  of  tha  vapour,  bj  nteam  of  the 
formula 


0.0012032.  V.  vT^lil,.  ife 


i+SSSofl"  fS* 
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the  Tilne  aacerlalned  bj  the  air  lhennoinet«r  being  gubatltuted  for  ixs^Sff- 

II  freqDontly  happens  that  tho  eubeCanoe,  the  dentlty  of  whote  taponr  ia 
to  b*-  delcrmined.  ia  ohangod  hy  absorbing  oxygen  ^otn  tbe  air  at  the  hifih  lean- 
jHtrnticrn  nt  iihich  it  -vutntilizei:  in  which  cuao  ll  bncomo  noccuary  to  ill  lb* 
tube  a'lt'  with  nitrogen  gnu,  ntut  ri:r!h«T.  in  orirr  to  prorput  tlie  air  from  antwlng 
freely,  to  lit  a  pointed  tube  hy  meant  of  a  cork  to  tho  tube  ^it. 

Cy  incniiH  uf  the  process  }iitl  ilvaorlbcil)  th(^  ilousily  of  any  vapour  ml^t  be  de- 
tcTDiinird  nt  Tcry  high  t«inpi'ralurvA,  If  It  were  panaible  ta  procure  glees  labca  at 
authoicnt  linrdncaa;  but,  uafordioatelyi  the  Etroogcat  glaaa  toftraa  at  a  red-beat, 
and,  therefore,  oanoot  bo  iiaed  for  higher  teuporataroa.  Poreolaio  tnbca.  Law- 
eier,  nade  of  tha  (ante  tixtifo  aa  the  glaaa  tuiiet,  by  tlie  proceae  doMTibad  la 
)  71JJ.  niitbt  nnnwor  the  piirjioso.  It  ia,  moreover.  unneceMarr  to  bemeUcaJlj 
seal  the  fine  point  r'lt,  when  the  mbetanee  boUe  at  a  very  high  temperature. 
bccauae  there  le  then  no  fear,  at  the  macienC  of  wiUulrawing  Itie  tnbea  tnm  the 
cylindera,  that  a  portion  of  tlie  vaponrs  which  eacape  from  the  raerT«ir  might 
ro-entcr  iba  Inttur. 

iBut  tlicr«  are  volntile  ■abntancce,  the  doaiilj  of  the  vapour  of  which  It  wauld 
be  v*ry  ioterMtinfr  lo  know,  and  which,  nt  a  high  lamnprnturo,  alLaA  the  alka- 
line ailicfltoK ;  in  which  caao  tnheR  of  glnu  or  porcelain  enn  no  longer  be  tuiod, 
and  reeort  miiBt  ho  thmi  biLd  to  tnetallio  iiibee,  preTteuely  filled  with  nltragea  g»a. 
Tlifl  portion  of  tbe  volnllle  subsienoe  which  roniaina  lo  the  reaarvoir  intended  to 
contain  the  vapour  la  theu  determined  by  chemical  proceaaca. 
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liqoii)  to  liccnd,  and  completely  fill  the  balloon,  tftlie  air  has  been 
entirely  drivca  out  ty  tlie  vapour,  aa  we  shaJl  Btippose  to  be  the 
ca«e.  The  b&Uoon  is  then  inverted,  vhon  the  volatile  subatance,  if 
it  ifl  liquid,  ascends  in  the  neck,  and  may  ba  r«movt>d  witli  a  pipette. 
The  balloon  is  filled  with  morcury,  which  19  afterward  measured  by 
beiDc  pourt'd  into  a  Iiirgi>  bcU-gla^d  divided  into  cubic  centimetres ; 
by  winch  mcaos  the  cnpacity  \  of  the  balloon,  at  the  ordinary  tcm- 
pemtnre  t,  is  exactly  (uuud.  If  k  rcprcKt-ntu  the  coefficient  of  the 
sTHwe  cxpajiston  of  glfisg,  Ijeiwocn  the  l«mperulur«  (  and  T,  the 
cap«citT  of  tlio  balloon  will  be  V  (l+AT)  at  the  temperature  T. 
The  volume  V  (1+AT)  of  vapour  of  the  volatile  subataacc,  at  the 
temperature  T  ajid  under  tlio  pressure  H'„  therefore  wcigba  (P' — 
P+p),  while  the  weight  of  an  equal  volume  of  atmospnerio  air, 
tmdcr  the  same  circumstances  of  temperature  aud  pressure,  is 

0.0012932  gn..V(l+*T),,,ii5^.^. 

Thus  the  dcnai^  of  the  vapour  of  the  substance  is  represented  by 

V'~P+p 

0.0012932. V(l+H').ff5s;5«T-m- 

We  have  supposed  that  the  vapour  had  entirely  expelled  the  air 
from  the  balloon,  and  consequently  tliat  the  latter  was  entirely  filled 
TJltli  mercury;  which,  however,  is  rarely  the  case,  as  moat  fre- 
quently a  bubble  of  air  romalnH,  and  soiuetiines  thu  remajning  vo- 
lume of  air  amounts  to  even  more  than  that,  when  the  vapour  is 
very  dense,  and  a  large  quantity  of  mnteriar  has  not  been  origin- 
ally introduced  into  the  balloon.  The  experiment  docs  not  fail  on 
this  accoant,  for  it  is  sufficient  to  collect  this  volume  v  of  air  in  a 
small  cruiuatcd  be]l>glass,  and  to  m&asure  it  exactly.    This  rolnme 

0.0012982  gm.!-!,,:,^.!^'-/, 

f"  and  H"„  representing  the  surrounding  leinperature  and  pressure 
of  the  air  at  the  moment  of  mcatunng  tbe  volume  v. 

The  weight  of  vapour  in  the  balloon,  at  the  moment  of  closing  it, 
is  therefore  (P'— P+p— /). 

The  volume  r  of  air  occupies  in  the  balloon,  at  the  moment  of 
cloriog  it,  at  the  temperature  T,  and  supposed  to  be  reduced  to  the 
pre«nre  H'«,  a  volume 

The  volume  occupied  by  the  vapour  in  iho  balloon,  at  the  tempera- 
ture TaQd  under  the  presHure  H'„,  is  therefore  only  fV  (1  +ftT)— r'] ; 
and  as  an  equal  volume  of  sir,  under  the  same  cinnimstanccs  of  tem- 
perature and  pressure,  weighs 

0.001293  gn..  [V  {1+*T)  -  v']  TT5^.^ 
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t)i9  density  of  the  vapour  is  thorofora 

F'-V+p-p' 

0.0012932  [V{l+^T)-r'Ji,5;igg3.,^. 

In  accurate  experiment*,  care  must  he  taken  to  leave  but  i 
very  small  qoantity  of  air  in  the  balloon,  in  oMcr  as  much  u 
possible  to  avoid  corrections,  vbich  alira)-n  possess  Rome  <l(<gree  of 
uncertainty. 

The  averngn  coefficient  k  of  the  cxpansinn  of  glasH,  between  tbc 
tBDDperaturea  0  and  T,  varies  with  the  diQervnt  kind!)  of  glass;  and 
fanea,  momover,  in  the  same  glass,  with  the  tcmpcratarc  T.  We 
Bubjoin  its  value,  at  different  intervals  of  terapfrature,  for  th«  ordi- 
nary glass  of  wtiich  the  balloons  used  in  Parisian  laboratories  art 
made: 

Between  0°  and  100" Jfc-0.0000276 

"  150    0.00002*4 

200  0.0000291 

"    250  0.0000288 

300  0.000080G 

"    350  0.0000313 

Organic  sabstances  which  boil  at  high  temperatures   are  fre> 
quently  easily  altered  by  the  air,  at  the  temperature  to  which  theit 
vapmira  mu.m  be  heated  in  order  to  obtain  constant  densities;  lo' 
which  ca^e,  care  muHt  be  taken  to  fill  the  balloon  with  carbonie] 
add  gaK,  whon  it  in  phiccd  in  the  kettle,  before  heating  the  Inttcr.j 
For  this  purpose,  the  puiut  uf  the  balluun  is  made  to  cominunicat 
with  a  Rcnall  air-pump,  to  the  ncond  tiibulurc  of  which  an  ap): 
discugnging  carbonic  acid  pna  \s  adapted;  and  a  vacuum  b^c 
mado  several  times,  and  cart^onic  acid  gas  allowed  to  enter  eaci 
time,  the  rest  of  the  experiment  is  then  conducted  im  uxual. 

In  many  cases  it  may  bo  of  advantage  to  determine  the  denaiqr 
of  a  vapour  imder  a  pre«auro  betow  tliat  of  the  atmosjjliere,  becauaa 
then  the  BulistttucQ  boils  at  a  lower  temperature,  and  in  general  it 
18  not  necessary  to  niisc  the  temperature  so  high  in  order  to  obtatiij 
constant  densiticB.     This  result  ia  particularly  advantageous  whooj 
substances  easily  altered  by  htut  are  operated  on,  and  the  boilingj 
point  of  which  ia  high.     In  this  caae,  a  capillary  tube  oA,  tenainat<J 
,     ing  in  a  larger  one  cd^  is  soldered  to  the  balloon,  (fig. 
642;)  nnd  the  latter  being  placed  in  the  bath,  the  lubil 
cd  is  made  to  communicate  with  a  targe  bottle  placed  in] 
_  ft  water-bath  kept  at  a  cons-tant  temperature,  approach-] 
ing  that  of  the  surrounding  Lomperature;    while  lb«^ 
second  tubulure  of  the  bottle  is  made  to  coramunjcatti 
'*  with  a  mercurial  manometer  wliicli  indicates  the  inter 

nal  pressure  at  every  moment,  an<t  with  an  air-purop,  by  means 
which  the  air  in  the  bottle  and  balloon  is  reduced  to  the  dt 
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degree  of  elaslJcitT.  The  experiment  U  then  conducted  in  the  mudc 

manner  aa  when  the  operation  ia  performed  under  the  pressure  of 

the  atmosphere;  it  being  sufficient  to  substitute  in  the  formiiU  the 

[•Ustia  force  of  the  air  observed  on  the  manometer,  for  the  baro- 

[metric  pressure  H'.. 

The  Becond  method,  which  hiut  jimt  been  described,  to  dctenninc 
llho  densities  of  vapours  of  volntile  eiihstuucc^,  may  fumiah  very  in- 
JRccuTAte  results  when  it  i*  applied  to  very  impure  substanccR,  for 
[<Otunplo.  to  those  containing  a  small  quantity  of  leaa  volatile  mat- 
tr,  the  denBity  of  whose  vapour  is  very  different  from  that  of  the 
lb«tanoe  being  examined.  The  error  increases  with  the  quantity 
^ihc  sub8tanc«  inlroiluccd  int«  the  balloon,  because  the  !&•«  vola- 
tile matter  is  necessarily  concentrnted  in  it,  and  the  vapour  finally 
filling  the  balloon  contains  a  much  larger  proportion  of  the  foreign 
matter  than  the  feubsuinco  which  was  introduced  into  it.  It  is 
nceeuary,  irhcncror  any  doubt  maybe  entertained  as  to  the  purity 
of  the  subslanco,  tfao  density  of  whose  vapuur  'ia  to  be  determined 
by  this  method,  to  carefully  collect  the  portion  of  matter  which 
remains  in  the  balloon,  and  subject  it  to  analysti^,  iu  order  to  ascer- 
tain if  its  composition  differs  appreciably  from  that  of  the  original 
..mbstanco. 

§  1237.  It  etill  remains  to  explain  the  method  of  comparing  the 
Meosity  of  vapour  ufiordcd  by  e-tperimont  with  the  theoreticsj  den- 
1^  calculated  from  the  formula,  when  the  latter  ifl  determined. 
7e  will  take  alcohol  as  an  example. 
The  experiments  detailed  {§  1234)  assign  1.602  for  the  density 
the  vapour  of  alcohol,  within  the  limits  of  temperature  in  which 
vapour  obeyfl  the  law^  of  porinanent  gitHes.    The  formula  which 
hsTO  adopted  for  the  e(|iiivalcnt  of  alcohol  is  C,H,0,.     Now,  aa 
be  deti»ty  of  hydrogen  is  known  to  be  0.0ii92,uud  2  volumes  have 
llecn  adopted  ua  its  gaseous  equivalent,  the  (3  uquivs.  of  hydrogen 
i  therefore  repreeeuted  by  12  vulitmee  of  this  gas,  which  weigh 
S+0.0692-0.5804. 

The  htfpothetie  density  of  the  vapour  of  carhon  being  0.8290, 
i  20^)  and  its  gagcoua  equivalent  being  represented  bv  1  vol.,  the 
eqniTs.  of  carbon  aro  tlitrffore  represented  by  4  vols,  of  rapour 
rrf  carbon,  which  weigh  4xO.S2StO  =  3.3HiO. 

The  density  of  oxygen  gas  is  l.lOStJ,  and  its  equivalent  is  reprc- 
iit«d  by  1  vol. ;  and  2  equivs.  of  oxygen  arc  therefore  represented 
2x1.1056  =  2.2112. 
The  formida  C^U^O,  theroforo  gtres 

4  cc).  of  carbon $.8160 

«  "        hydrogen 0.8804 

2  «        oxygen g.S112 

6.3576 

Now,  since  -^  =  1.5894  differs  bat  little  from  the  number  1.602, 
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whicli  hns  been  foand  by  direct  experiment,  the  conolasion  may  bg 
drawn  tliat  tUe  efiuivafent  C,II,0,  of  alcohol  is  represeoted  By  4 
Toliimcs  of  vapour. 

Tlio  diflererice  betncen  tbe  theoreUcal  number  1.5894  aod  the 
number  1.602  Tound  by  experiment,  may  be  partly  attributed  to 
slight  errors  which  aJways  occur  ia  dctenulnations  of  tlua  kind; 
Rod  similar,  and  even  greater  difTeronces  arc  observed,  when  the 
e^erimcnts  arc  conducted  with  tbe  (greatest  o?t&ctness.  This  i$ 
Olrins  to  the  fact  that  the  laws  of  elasticity  of  gaseR,  and  tlieir  expaJi* 
fiion  by  heat,  which  we  have  adiuittoJ  as  Icing  strictly  the  same  for 
all  tlifl  gases  above  taken  into  account,  arc  not  really  no  under  theci^ 
eumstolices  uccctuuble  to  our  meanH  of  observation.  The  ffisea  whidi 
liaro  not  yet  been  liqueBed  diflor  from  it  thcnuiclves  very  widely,  at 
the  ordinary  temperature ;  anil  it  is,  thfircfore,  viiry  probable  that 
the  diffcronccs  arc  greater  for  the  majority  of  vapours,  even  under 
th«  most  favourable  circumstance  h  of  temperature  and  pressure. 

OP  TBE  ANALYSIS  OF  OA8E8. 

S 1238.  W«  have  frequently  had  occasion  to  refer  to  the  analyaa 
of  gaseous  suhstancos  in  the  fir»t  part  of  this  work,  eitlier  for  the 
Sato  of  determining  the  composition  of  definite  cases,  or  the  pro- 
portions in  which  such  guacA  existed  in  mtxturi:)t.  ne  have  described 
th«  moet  iiitnple  processes  used  by  chcuii»t>j,  but  as  the  processes  do 
not  afford  tlLo  degree  of  precision  demanded  by  the  subject,  we  shall 
now  describe  other  processes  by  which  a  precision  can  he  attained, 
in  the  analysis  of  ga»cs,  which  is  not  exceeded  by  any  of  the  most 
exact  manipulationii  of  chemical  analysiii.  We  shall,  in  the  Srst 
place,  suppose  that  it  ia  required  to  annlyzc  a  mixture  of  atmo- 
spheric air  and  curbunic  acid;  and,  while  applying  the  processes 
already  dcscribod,  we  shall  diecuss  the  causes  of  error  bo  which 
they  are  subject. 

it  will  bo  recollected  that  a  eertuin  volimic  of  tliid  mixture  id 
measured  over  mercury  iu  a  graduated  cylinder,  and  that  in  order 
to  bo  more  certain  of  the  degree  of  moisture  of  the  gas,  the  latt«r 
wa«  saturated  with  moisture  by  leaving  the  aides  of  tbo  cylinder ' 
Blighliy  damp. 

The  first  liiflicuHy  which  prcacuts  itself  is,  What  ia  the  tempera- 
ture of  the  gas,  undwhat  ita  clastic  force?  The  lempuraturo  of  the 
gas  is  generally  nasumed  as  that  indicated  by  a  thermometer  placed 
in  the  vicinity  of  the  eyliuder;  hut  is  it  always  certain  that  tho  two 
temperatures  arc  identical?  As  to  the  pressure,  it  is  generally 
reduced  to  an  equality  with  that  of  the  atmoapherc,  by  properly' 
sinking  the  cylinder  into  tho  mercury-bath ;  a  process  which  po»- 
Bcssoa  but  little  acenracy;  or,  indeed,  when  the  operation  ii  effeclcd- 
moro  exactly,  a  certain  column  of  mercury  i»  left  upraised,  and. 
moaaured  by  a  grniluatod  scale,  or  better  etUl,  by  the  process  de- 
scribed iu  the  note  to  page  414. 
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Id  order  to  ab«orb  tie  caibooic  acid,  a  email  quaatitj-  of  a  con- 
itntted  solution  of  CAtutic  poU63&  is  iotroduceil  into  the  bell-fflass, 
id  the  latter  b  skaJicn;  uftcr  which  the  pruporiion  of  carboniv 
' '  ie  determined  b;  ngain  mcftsuring  the  gaseous  volume.  But 
ic  second  meosurlug  is  still  moru  uncurtain  thiw  the  fimt,  for,  to 
the  difiienUu's  tilronay  [lointcd  out,  is  added  tbnt  of  asccruiiniug 
"lo  degrco  of  moisture  of  the  eaa  in  the  prcacucc  of  tho  solution  of 
[)tawa;  in  nddilion  to  which,  cho  form  of  iho  meniscus  of  the 
liquid  is  now  changed  frum  convex  to  coucurc ;  and  the  sides  of  the 
b«ll-^)as8  are  moistened  with  a  viscous  liquid,  which  dinuaishce  ap- 
ciaMj  its  diameter. 

These  difficnllieti  are  orercome  by  replacing  the  solution  of  potassa 
by  a  small  ball  of  pota^sn  affixed  to  a  platinum  wire,  by  which  it  is 
introducfd  into  the  bell-glass  through  the  mercury ;  but  in  this  case 
the  cajbonic  aoid  is  very  slowly  absorbed,  which  Tenders  it  neces- 
sary to  wait,  not 
only  until  the 
absorption  of 
oarbanic  acid  is 
complete,  hut 
also  until  the 
potassa  his  ab- 
sorbed all  the 
\-apour  of  water 
vluch  existed  in 
the  sas  or  on 
the  sjdes  of  the 
bell-glass;  be- 
cause ii  would 
otherwise  bo  im- 
posaible  to  as- 
ij»'  ^KI^K.       certain  its  state 

of  saturation. 
In  order  to  be 
sure  that  this 
couditiun  is  ful- 
filled, the  ga« 
must  be  exactly 
'owasurod  after 
baring       with- 
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drawn  the  ball  of  potassa,  and  the  latter  must  bo  again  intrwinced 
and  allowed  to  remain  far  at  least  12  hours;  when  the  result  of  a 
Mcond  measuremeut  of  the  gas  should  be  identical  with  the  first. 
'  I  Tho  proportion  of  oxygvu  in  the  remaining  gas  >3  determia«d, 
itther  from  the  gaseous  volume  which  disappears  when  this  gaa  b 
burned  with  an  excess  of  hydrogen,  or  by  the  diminution  of  a 
volume  of  the  gas  when  left  for  a  sufficient  length  of  time  in  con- 
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uct  with  a  substADCo  wliich  combines  wiih  oxTgen.  The  maann 
of  effectiDf!  this  nbeorptioD  by  phoepboras  ha8  alreattj  b««n  ex- 
pluDcil,  (§!>46;)aiii]  In  §88tbe  eudiometer  in  irhich  tbe  anaWms  u 
mado  by  combustioa  was  dcsciibcd ;  bnt  the  process  in  always  liable, 
without  regard  to  the  method  adopted,  to  some  of  the  caoses  of' 
error  pointed  out  above. 
§1239.  With  the  eudiometric  apparatus  about  to  be  de^cribeJ' 

these  analTSPB  can,  on  the 
other  hand,  be  performeil " 
very  rapidly,  and  witboot 
any  danger  of  the  naetT-' 
taintioi  just    monlioiMKLri 
Fig.  648  represents  ebi' 
geomctrical  projc-ction  of 
Ine  anterior  surface,  a&<t 
fig.  fiAA  givra  a  rnrticut 
Heuliun  made   through  a 
plane    perpctiilicular    to 
this    face;    while    lastly, 
fig.  64i'>  sbowB  a  perspec- 
tive view  of  thf  whole. 

The  apparatus  is  coffl- 
posted  of  two  piiria,  which 
may  bo  separated  a&J 
united  at  pltjasore;  and, 
while  the  fiwt,  or  tM 
mcaturer,  Bcrrca  to  into* 
sure  the  gas  nnder  gina 
m^  conditions  of  temperatnrS' ' 
and  moisture,  in  the  se- 
cond the  gaft  is  subjected 
to  varions  absorbent  r^ 
agents,  oo  which  aoconat 
we  shall  call  it  the  abacnjjtioH-tv^. 

The  mcamirer  is  composed  of  a  tube  a£  of  15  to  20  millimetre^ 
diameter  internally,  divided  into  millimetres,  and  terminating  above 
by  a  curved  capillary  tube  ber^,  while  tho  lower  end  is  luted  into  » 
cast-iron  piece  p'^',  having  two  tubulureH  a,  i,  and  a  stopcock  B- 
To  the  second  tnbuloro  i  is  luted  a  straigbt  tube  ik,  open  at  both 
end?,  of  tho  same  diameter  a^  the  tube  ah,  and  also  divided  into 
millimetres.  The  stopcock  R  has  three  openiiips,  and  resembles 
precisely  that  of  which  sections  are  seen  in  figs.  624,  625,  and  6S6^ 
in  the  three  principal  p4>Hitions  in  which  the  key  may  bo  tomei. 
A  communication  can  therefore  be  established  at  will  between  the 
tubes  ah,  ih,  or  one  or  other  of  these  tubes  only  may  bo  opened  t« 
the  external  air. 
The  two  vertical  tubc«  and  the  cast-iron  pwce  form  amanometrie 


Fig.  645. 


apparatns  contained  in  a  glass  cjtinder  pgp'<^  filled  with  water, 
ivtuch  ia  maintatticil  at  a  constant  tentpprnture,  marl(«(l  by  the 
thermometer  T,  iluring  the  whole  time  of  the  anaiyniB.  The  niMii>- 
mctric  appaxatus  is  fixed  on  a  cast-iron  itxad  7'L'  furnished  with 
adjtutiDg  screvs. 

The  ahsorption-tobc  ia  composed  of  a  bell-glass  gf,  open  at  the 
hottom,  aud  lormJnatod  above  hj  a  curved  capulary  tnbn/pr.  The 
bcU-glasa  dips  into  a  Email  mercurial  bath  U,  of  cast-iron,  exactly 
reprcaented  in  fig*.  046  and  647  ;  while  the  bamn  U  is  fixed  on  a 
Fig.  M6.  plate  which  can  ho  raised  at  will  along  the  vertical 
Bupport  ZZ',  by  nicanii  of  the  toothed  rack  me,  which 
works  with  the  toothed  pinion  o  ect  in  motion 
by  the  crank  R  The  ratchet  r  arrcatm  the  toothed- 
rnckv  and  consetpipntly  keeps  tho  basin  U  in  any  given 

Ppotition.     A  counterpoise  affixed  to  the  ratdiet  facili- 
tates ttf  working,  and,  as  it  ia  turned  tooue  eideorthe 
other,  tLe  mtcbei  is  thrown  in  or  o«t  of  gear  with  tho 
pinion. 
The  ends  of  the  capillary  tubes  which  terminate  the 
ah8orption>tuhe  and  mejistircr  are  lutod  to  two  nnall 
steel  Btopeoeks  r,  r',  the  ends  of  which  cxaotly  fit 
ftc-  M7.      each  other,  and  which  hate  the  same  shape  as  those 
Tcpresented  in  fig.  689,  flections  of  which  are  scon  in  figs.  640 
and  641. 

The  absorption-tube  is  maintained  in  a  rertical  position  by  means 
of  pincera  ti  lined  with  cork,  which  are  easily  opened  or  closed 
when  the  tube  is  to  b«  removed  or  replaced.  The  measurer  oA  is 
traversed  at  h  by  two  ptutiuum  wires  opposite  to  i^ach  other,  the 
ends  of  which  approach  to  tho  distance  of  a  few  millimetres  from 
the  insdo  of  the  hell-gla^,  and  of  which  the  other  euda  ure  fast- 
ensd  with  wax  to  the  lower  edge  of  the  large  cylinder.  The  elec- 
tric spark  i«  puasvd  into  the  bell-glass  by  means  of  tlie^e  wires ;  and 
the  water  iu  the  cylinder  is  no  obstacle  if  the  spark  be  furnished  by 
a  Lcyden  jar. 

%  1240.  Let  na  suppose  that  in  this  appuratos  a  mixture  of  atini> 
spheric  air  and  carbonic  acid  is  to  be  ajulyxed. 

Through  the  tube  ih  the  measure  ah  is  filled  with  mercury,  tintil 
the  latter  escapes  through  the  stopcock  r,  which  is  then  closed ;  and 
at  the  same  time  the  aWirption-tube  ^  is  filled  with  mercury;  to 
effect  wbicU  the  tube  gf  is  detacbed  from  the  pinccra  u,  and  plunged 
into  tho  bath  U,  the  stopcock  r  being  open ;  and  the  operator 
sucks  with  a  gloss  tube  furnished  with  a  caoutchouc  tnbulure,  the 
edge  of  which  is  applied  to  tbc  plane  port  of  the  tubiilure  r.  When 
the  mercury  begins  to  escape,  the  stopcock  r  is  closed. 

The  gas  to  be  analyzed,  which  had  been  collected  tmder  a  small 
helUglass,  is  then  introduced  into  the  absorption-lute,  and  the  extra- 
TUfttioa  18  easily  performed  In  the  bath  (J,  on  accoimt  of  tho  sbApt 
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nrea  to  tlio  Utter.  Tbo  ubeorptjon-tabe  bcinf;  ttien  replaced  by 
3ie  pincera  «,  tho  two  tubularee  »•,  r*  are  fitted  to  each  other :  then, 
elevating  ouc  cud  of  tlic  batli  V,  and  aJlowmg  tlie  mercury  of  tba 
tneaiturcr  to  flow  flrom  the  other  through  the  cocl;  II,  and  lutly, 
opening  tbo  rtopcocts  r,  r',  the  gaa  w  caused  to  pass  from  tbfl 
absorption-tube  into  the  measurer.  Wlion  the  mercurj  begins  to 
rise  in  the  capUlarj  tube  fe,  its  eecape  throuj^h  tho  stopcock  R  is 
slackened,  bo  as  to  caiise  the  mercury  to  rise  very  penlly  in  tbe 
tubc/«r,  and  tho  cook  r  is  cloaed  when  toe  mercuria]  column  reacbef 
a  murk  «,  on  the  hnriiEontal  leg  cr,  at  a  rrihH  distance  from  the 
tnbulure  r.  The  lovel  of  tho  mercury  is  then  brotijrht  to  a  glren 
division  m  of  tlie  tube  ab,  and  the  difference  in  height  of  Ibe  two 
columns  can  imraediiitely  be  road  ou  the  itcalo  of  the  tube  Vi.  Th« 
water  in  tho  cylinder  baa  been  eovcral  times  acitatcd,  througliontf 
by  blowing  air  Into  it  by  means  of  a  tube  which  deocends  txt  the 
bottom. 

Let  C  be  the  temperature  of  the  water,  which  is  to  be  stationarj 
during  the  nnaljeis,  fthc  clastic  force  of  the  nqnootu  \*apoar  mtu- 
ratcd  at  tliid  temperature,  V  the  volume  of  the  gas.  I!  tho  hriglit 
of  tho  buromotcr,  and  lastly,  h  the  height  of  the  mercury  eleratod: 
then  will  11+/*—/  hi!  tho  elastic  force  of  the  cas  when  suppoMJ 
dry.  Tho  temperature  of  the  water  in  tho  cylinder  should  be  nearly 
that  of  ttie  Burrounding  air,  which  does  not  xary  sensibly  daring' 
tbo  fihort  duration  of  the  experiment;  and  it  is  therefore  miueocssafy 
to  reduce  to  32°,  by  culculatioii,  the  height  of  the  barometer,  una 
that  of  the  mercury  elevated  in  the  manomclric  apparatus  abSu. 
The  gSiS  ci>lltfOted  in  ihc  measurer  is  moreover  always  satur&ted  wilk 
moisture,  hecaiise  the  sides  of  the  tube  ab  are  moistened  with  a  amall 
quantity  of  water;  and  this  is  constantly  the  same,  since  it  ta  that 
which  the  mercui^  does  not  remove  when  the  tube  is  filled  with  it. 

"When  this  is  done,  tho  mercury  is  iigain  allowed  to  flow  throngk 
the  stopcock  R,  and  the  cock  r  ia  opened  in  urder  to  utlon  uU  the 
giia  as  well  ns  n  column  of  morcury  to  pass  into  the  tube  rcb,  after 
wliioh    the  scopcock   r*  is  closed.      The  absorption-tube  is  tbeK.d 
detached;  and  a  drop  of  a  concentrated  Holution  of  potassa  is  pnaseA,] 
up  by  means  of  a  curved  pipette ;  when  the  abeorptiou-tubo  is  agaia] 
fitted  to  the  measurer,  and  the  bath  TJ  allowed  to  fall  to  iu  fttlll 
extent ;  and  then,  after  having  poured  a  large  ((Utmtity  of  mercury  j 
into  the  tube  ht,  tbe  stopcocks  r,  r'  are  .succi?^ively  opened.     T*"*^ 
gas  thus  passes  from  the  measurer  into  the  absorption-tube,  uid  i 
small  quantity  of  solution  of  potassa  completely  moistens  the  sidt 
of  the  bell-glass.     The  coek  r  is  closed  when  the  mercury  begins  to  ■ 
fall  in  from  the  meaaurcr  into  the  vertical  leg  </"  of  the  absorption-' 
tube  ;  and  after  waiting  for  a  few  moments,  in  order  to  give  tiintJ 
for  the  absorbing  action  of  tho  potassa,  tho  gas  is  pa.'^sed  from  tho] 
absorption-tube  back  into  tlie  measurer,  by  eauiting  the  bath  V  to' 
aaccnd,  and  the  mercury  to  flow  through  tho  cock  11.     As  soon  asj 


tXTEODCCnOK. 


427 


the  alkulinc  solution  begins  to  rise  in  the  tub*  /#,  an  mrcrs*  mor©- 
meni  is  eaiued  hy  olosinj;  the  stu|jcock  r :  that  is,  the  gas  ia  again 
passoii  from  the  meosuror  into  the  nljsorption-Ribe,  by  lowering  the 
(wtb  U,  and  again  pouriug  lUfrc-urj'  into  the  tube  i/i  The  inten- 
tion of  this  operation  is  to  ag^n  moisten  the  sides  of  the  bell-glaM 
fg  with  the  solution  of  poisAm,  and  aubject  the  gas  to  the  abHOrbing 
action  of  tho  ncv  htjer  of  polossa. 

If  it  be  deemed  uecessurj-,  these  operations  amy  be  repeated 
Mivt^ral  timc!> ;  altbnugli,  after  the  eecontj,  the  whole  of  the  carbonic 
acid  is  gcnefHll;  abeorbed.  The  gas  is  then  passed  for  the  last  time 
from  the  abfiorpt ion-tube  into  the  measurer,  and  the  eock  r  is  closed 
when  the  top  of  the  alkaline  column  reaches  the  toark  a.  The  level 
of  the  merctiry  in  tho  tnho  ab  being  brought  to  m,  the  difference  of 
height  h'  of  the  mercury  in  t)ie  two  IctgH  ah  and  ih  is  meiwured,  and 
the  height  11'  of  the  barometer  is  noted  domi.  We  ehall  tiuppo&e 
that  the  temperature  of  the  water  in  the  cylinder  has  not  clianged: 
if  otherwise,  it  must  ho  restored  to  tho  temperature  t,  by  the  addi- 
tion of  Lot  or  cold  water. 

The  elastic  force  of  the  gas,  dry  and  deprived  of  carbonic  acid. 
iBtkereforo(H'-(-A'-/);  aud  consequently  (lI-t-A—/)—(H'+A'—/) 
=  11— n'H-A— A'  is  the  diminution  of  elastic  force  caused  by  th« 
abaorptiou  of  the  carbonic  acid;  and  -"^ t j[[_. -  represents  the  pro- 
portion of  carbonic  acid  in  thu  j^as  when  supposed  dry. 

$1241.  The  proportion  of  oxygen  which  exists  in  the  gaa 
remaining  must  now  be  determined  ;  for  which  purpose  the  absorp* 
tioD-tubc  is  detached  and  waohed  tiercral  times  with  water.  It  u 
drieil,  firHt  witli  tiaaue-paper,  and  then  by  bringing  it  into  combina* 
tion  with  an  air-ptunp ;  and  lastly,  after  having  tilled  it  with  merctiry, 
it  is  fitte<l  to  the  measurer.  The  baih  U  being  rained  a»  high  as 
(MMsible,  the  mercury  is  allowed  to  run  through  the  stopcock  R : 
tken,  opeAing  carefully  the  cocks  r  and  r',  tho  mercury  of  tho 
aJworption-tube  is  pii«»!od  into  the  tube  ar'  of  tho  measuror,  taking 
oare  to  cloee  the  cock  r'  when  tho  extremity  of  the  mercurial 
eohmn  reaehea  a  second  mark  8  on  the  vortical  leg  be.  The  mcr- 
cary  in  the  mca*ur«r  is  again  brought  to  the  lerc!  m,  and  tho 
difference  of  lovel  //'  and  tlio  height  11"  of  the  barometer  is  ascer- 
tained. U"-r/i"— /  is  therefore  the  clastic  force  of  the  dry  gas, 
the  qnantily  of  whiuh  is  somewhat  ^muller  than  in  the  measure  made 
immediately  after  the  abeorplion  of  the  carbonic  acid,  because  a 
Bmall  (jnantity  (about  n^)  has  been  lost  by  detaching  the  absorption- 
tube  from  the  measurer.  This  small  loss  docs  not  affect  tho  result 
of  ibe  analy;«is,  because  the  gas  is  again  measured. 

The  absorption-ttibe  being  onec  more  detached  from  the  measurer, 
tho  hydrogen  gas  intended  to  hum  the  oxygen  la  now  introduced 
into  the  latter  by  arresting  tho  ascending  mercury  at  tho  mark  9. 
The  mercury  is  again  levelled  to  m,  the  mfiereQce  of  height  h'"  of 
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ike  two  columoa  of  mercury  mcasureil,  and  the  height  11'"  of  tbtl 
larometcr  observed.  K"'+h'"—f  is  therefore  the  elsBtic  force  of  i 
ihc  misturc  of  hydrogen  and  oxygen  to  be  analyEcil.  As  aomal 
timo  is  rcquireii  for  thn  perfect  ailmixture  of  ihe  gaseB,  vombv 
by  the  eluctric  spnrk  cannot  be  immediately  cffoctod.  The 
must  Bgitin  bo  pnsHcd  from  the  measurer  into  the  abMrption-ttthe^l 
stid  ft  small  C|u»i)tit7  of  mercury,  which  produces  an  agitation  la  ibfl 
m$,  allowed  to  flow  throagh  the  tube  cd^f;  and  lastly,  the  mlxtiiftl 
10  pueeed  buck  into  the  meaaorer,  this  time  allowing  the  mercury  Un 
entirely  fill  the  tube  r'cft,  in  order  that  the  whole  volume  of  ga|[ 
mav  be  subjeetcd  to  cotnbuBtion.  1 

Thi;  electric  spark  is  then  uppUcd,  and  aflcr  haring  eatabHilMij 
an  excesB  of  prcasiire  in  the  meusiirer  af>,  the  stopcocks  r,  r'  arfej 
carefully  opened,  in  order  to  allow  the  mtrcurial  column  to  relriKj 
grade  into  the  tube  bcr' ;  and  it  is  stopped  when  it  reaches  thAI 
mark  «.  The  eUetie  force  of  the  ga»  rcmniniiig  ia  again  mcoss 
after  having  levelled  iho  mercury  to  m ;  und  II""+n""— /  is  tlidl  j 
tho  clodtic  force.     Cunac(|ucntly, 

(H"'+A"'-n-(II""+;.""-/)=H"'-H""+X"'— A""iBlbt^ 
clnstie  force  of  the  gaseous  mixture  which  dieappearcd  darli 
bustioD ; 

i(ir"-H""+A"'-A"")  is  the  elastic  force  of  the  oxygen  con-| 
taincd  in  tho  dry  cas,  of  which  the  elastic  force  is  (H"+A"— /)(J 

and  i^^i"-!^--/ —  iH  the  proportion  of  oxygen  contained  in  thegai^] 
when  freed  from  curbonic  ueid  ;  whence  the  proportion  of  oxygett 
ID  the  original  mixture  may  be  easily  dcdueed. 

§  1242.  The  example  choeco  ehows  the  mode  of  operating 
tlie  apparatus:  the  nianipulutions  are  of  such  a  gmiple  character,1 
that  the  operator  reciuirea  no  a^iatant :  and  lastly,  the  opiration  ilj 
so  rapid,  tbat  loss  lliaii  three  quarters  of  an  hour  ia  nK]uired  fo 
that  just  described  ;  the  greater  portion  of  which  time  is  consiim< 
by  the  absorption  of  the  carbonic  acid  and  tho  cleansing  of 
bell-glaiw  after  the  experiment.     Air,  freed  from  carbonic  add, 
be  analyzed  in  less  than  20  minutes. 

We  will  remark,  that  in  this  manner  of  operating,  there  ia  b| 
noccttsity  of  any  ganging  capacity,  which  Is  always  u  very  dclicat 
operation ;  but  as  iho  volume  of  the  gas  is  constantly  the  same, 
its  clastic  force,  aflcr  ea;;h  operation,  is  dett-rniiiied.     It  is  gcnC 
rally  suflieient  to  measiire  the  ela.stic  forces  of  the  gas  by  reai 
directly  on  tho  graduated  tabes  al,  ih,  the  divisions  to  which 
columns  of  mercury  correspond ;  hut  in  order  to  avoid  errors 
parallax,  the  divisiona  are  read  by  means  of  a  horimmtal  gta 
(fig.  64S.)  thus  allowing  no  error  greater  than  ^  o(  i  milliniet 
Although  this  is  suffieii^ntly  precise,  the  cathctometer  famishes 
stiU  greater  degree  of  accuracy. 

Tho  same  apparatus  may  al&o  be  osod  in  another  way;  and  ii 
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fiWsd  of  maintaioing  the  votumo  of  gu  ooiutuit,  and  mcasuruie  its 
•Iwtio  forces,  the  inverse  maybe  ilone,  t>r  makiug  the  el&acic  force 
ooiutant  and  mcoRuring  the  volamc.  In  this  cose,  the  tufco  ab 
ehoold  be  accurately  gauged,  for  which  purpose  it  is  sofficieut  to 
fill  the  measure  accurately  with  mercury;  then  keeping  the  temper- 
sture  of  the  surrounding  water  consUut,  the  mercury  is  allowed 
gradmlly  to  escape  by  bringing  the  stopcock  R  into  the  position 
neoeesary  for  the  eecnpe  of  the  mcttil  in  tbe  tube  C  alone.  Ihe 
meroory  which  runs  out  is  weighed,  and  the  division  on  the  ecaleof 
the  tube,  reached  by  the  level  of  the  mercury,  each  time,  is  marked. 

§  1243.  The  analysis  of  gjises  by  combustion  h  exact  only  when 
0  i)^fiabl«  and  combustible  f^staea  exist  between  certain  limits. 
When  the  detonating  mixture  forms  only  a  hrikII  portion  of  the 
total  volume,  it  is  no  longer  inflamed  by  the  paasage  of  the  elec- 
tric spark,  or,  at  leant,  the  combustion  is  but  partial.  Experi- 
ment hatt  shown  that,  in  mixtures  of  hydrogen  and  oxygen  in  which 
the  hydrogen  is  tn  excess,  there  h  no  combustion  wiicn  the  doto- 
nating  mixture  forms  a  less  fracUoa  than  0.08  of  the  whole  gas; 
and  when  it  exceeds)  this,  the  iaflammation  and  combustion  aro 
complete. 

TltR  limits  differ  when  oxygen,  predominates  in  the  mixture :  com- 
buttioD  is  complete  at  long  aa  the  volume  of  the  detonating  mix- 
ture does  not  form  a  less  fraction  than  0.17  of  the  whole  gas;  but 
when  tliLs  fraction  is  included  between  O.IT  and  0.10,  the  combus- 
tion  is  only  partial ;  and  lastly,  below  this  there  ia  no  iiiflammatioa. 
The  presence  of  an  excess  of  oxygen  therefore  opposes  the  combus- 
tioD  of  the  nuxture  more  powenolly  than  an  excess  of  hydrogen. 
Whatever,  moreover,  may  bo  the  excess  of  oxygen  in  the  mixture, 
there  is  no  fear  s/  a  portion  of  thin  gas  dimppcaring  from  eom- 
bining  irlih  thi:  mercury. 

liy  operating  on  mixlurea  of  various  proportions  of  carbonic  acid 
and  detonating  gas,  (2  volumes  of  hydrogen,  1  of  oxygen,)  it  is  easy 
to  aiuiertain  that  curbuuic  acid  prevents  the  combustion  of  tho  de> 
tonating  mixture  more  effectually  than  oxygen. 

If  the  niUture  eontalus,  at  the  same  time,  nitrogen,  oxygon,  and 
hydrogen,  the  oxygen  predominating  over  the  hydrogen.,  the  aua- 
lv»i«  may  be  inaccuratti,  because  subnitrate  of  mercury  is  formed. 
ijut  daring  the  formation  of  this  substance,  a  high  temperature 
most  be  developed  at  the  moment  of  combustion,  producing  a  eo- 
piooB  volatilisation  of  mercury,  and  this  condition  h  fulfilled  only 
when  the  rolumo  of  tbe  detonating  mixture  is  at  least  0.8  of  the 
g&9  which  remalDS  after  explosion,  or  0.45  of  the  whole  volume.** 

These  limits  of  cxplosibility  vary  sensibly  with  tho  diameters  of 

*  BaoMD  siT«s  M  Ui9  best  proportioD  30.0  ToluBea  «f  combustible  gu  to  I8T.8 
votanM  oT  nltro;<n  sail  41.0  volnnes  of  ai^gen,  nrliicb  mtio  msjr  eully  b«  ob- 
taloBd  br  tho  adnilHioii  of  aunoipberio  air.  oxx^'"-  <"^  hrdragcn.    U;  on  exp«- 
'  MM>  prerca  tbe  tbvn  profiortiDn  to  bo  llio  aa.'tst. —  IT.  £.  F. 
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the  cudiomctrtc  tubes;  andthevftriutloris  ire  particularly  obscTTatla 
in  mixtard  of  ilott^nating  gas  ftnd  cnrboDic  and. 

lu  exploding  a  mixture  of  lijdrog«n,  carbonic  acid,  and  atygen' 
or  atmoBplioric  nir,  the  hydrogen  being  in  exccsw,  a  portion  6/  the 
earhonie  acid  u  ala-ays  coni^erted  into  carbonic  oxtdr,  for  irbich 
reasoa  this  gns  must  be  Srsl  absorbed  by  potiiHgn,  when  the  propor- 
tion of  oxygen  in  a  mixture  of  gases  containing  carbonic  acid  is  to 
be  determined  by  combaation. 

Reciprocally,  when  operating  with  a  detonating  mixture  contun* 
ing  an  excess  of  hydrogen  and  some  cnrbonic  oxide,  a  mtantitjf  of 
tht  latttr  gat  in  proportion  (o  (Ac  MWtf  cf  oxide  of  car&fm  over  Ay- 
drog^Hf  it  alteayt  converted  into  carbonic  add. 

I'te  of  Abtorbing  Rtagenta. 

g  1244.  Absorbing  reagents  may  often  bo  adrnntngeonsly  vuK 
in  the  iinnlysis  uf  guseoiu  mixture^!.  The  use  of  the  eoluuoa  of 
pota&^  f*ir  the  absorption  of  earbonic  aeid  having  been  previously 
(§  1240)  explained,  wc  ■will  now  review  the  reagents  whioi  may  M 
used  for  the  aliBorption  of  oxygen. 

Phoapborus  absorbs  oxygen  very  elowly  at  a  low  tcmpomturc, 
tlic  absorption  being  often  still  incomplete  after  several  days;  and 
toward  the  closo,  in  order  tn  hasten  it,  the  tnbe  should  be  placed  hi 
the  »un.  When  a  ball  nf  phnsp!in.riw  has  been  introduced  into  a 
gaa  deprived  of  oxycen,  nnd  c^mtained  in  n  bell-glass  of  which  tbt 
sides  a.ro  moistenea  by  an  alkaline  solution,  the  gas  \%  conataQtly 
obftcrvflfl  to  infrroRiie  in  volume,  probnbly  owing  to  the  fact  that  by 
the  contact  of  the  phosphoras  with  the  alkaline  solution,  hypopho^ 
phitfl  of  potiiMa  is  formed,  and  hydrogen  or  phoflphuretted  hydro- 
gen J8  evolved  ;  which  must  be  carefully  avoided  in  analyses. 

The  alkaline  8»lpbide9,  sulphite-s,  and  riyposnlphiies  absorb  oxygtB 
so  slowly  that  it  is  impossible  to  employ  tbcm  in  analysis;  forikr 
becomes  necessary  to  nee  a  considerable  qoanlity  of  the  abforbeot  l 
liquid ;  and  if  this  be  allowed  to  act  for  an  indefinite  length  of  timc^ 
an  absorption  greater  than  that  corresponding  to  the  oxygen  coo- ; 
toined  in  the  pweona  mixture  often  (>nBuea, 

Prolosiilphato  of  irnn  saturated  with  deutoxide  of  nitrogen  ob- , 
porbs  oxygen  more  rapidly,  but  does  not  afford  exact  restdts.  After  ■' 
the  absorption,  the  gnu  munt  bebroii^ht  into  contact  with  a  solntioil^ 
of  pur©  protoxide  of  iron,  in  order  to  absorb  the  deutoxide  of  ni-  j 
trogon  wnich  the  first  liquid  may  have  given  off.  Tho  g»a  is  there- 
fore brought  into  contact  with  considerable  volumes  of  liquid,  and 
it  \s  always  to  be  feared  that  its  composition  may  be  altered  by  aiii 
absorption  or  evolution  of  gaa  effected  by  these  Liquids. 

Uydrotcd  protoxide  of  iron,  suspended  in  an  alknUne  tolution, 
a>b9orbs  oxygen  rapidly  ;  and  in  order  to  use  tliis  reagent,  several 
narrow  tubes,  open  at  both  ends,  arc  first  placed  in  the  absorption- ' 
tube,  and  then  1  or  2  cubic  centimetres  of  the  liquid  ars  intro  J 
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:  uid  vhen  the  gas  U  sabsMoeDtly  pusod  into  thariwottiriiiii 

Lb«  it  i^  cxpo^Kl  to  a  Urge  tbMrbiDg-mirfftce,  b«e*aso  the  sitles  of 

tuhc  nrc  covered  by  the  hydnted  protoiWe  of  iron.    The  tuhes 

le  m&y  b1»o  be  dispeiued  vith  if  onlv  the  &b«crptioa-tiibe  be 

aken  frequently  after  having  separated  it  from  the  apparatus; 

t  then  the  Tiwons  liquid  {rcqueotly  produces  a  largo  ijiiaiitity  of 

sod  requires  a  long  time  fcur  settling. 
Protocfaloride  of  copper  diast^red  in  ammonia,  and  the  aiamooia- 
val  protosulphite  of  copper,  also  absorb  oxygen  very  rapidly.  The 
tnbe  containing  the  gaa  and  absorbcac  liijiud  must  bo  frequently 
lliakea ;  1>at,  u  the  gaa  then  contains  necessarily  a  small  ijuautity 
of  unmoataol  ns  given  off  by  the  liquid,  it  becomes  necessary,  be- 
fore psflUDg  it  into  the  meuorer-tube,  to  collect  it  in  a  second  ab- 
tiorptton-tabe  containing  a  few  drops  of  dilute  sulphuric  acid. 
Pipettes  for  goa,  such  na  are  represented  in  fig.  648,  may  niso  be 
need.  The  bulb  A  being  filled  with  mercury,  and  con- 
taining the  absorbent  liquid  at  its  upper  part,  and  tlw 
leg  abc  being  aim  filled  with  mercury,  which  is  easily 
done  by  dipping  the  end  a  into  mercury  and  Booking 
through  the  end  o,  tlie  leg  ah  is  introduc«<l  into  the  bcli- 
glsss  containing  the  gas,  and,  by  sucking  through  the 
opening  o,  the  gas  is  made  to  paas  into  the  bulb  A.  The 
leg  ahe  being  filled  with  mercury,  the  apparatus  is  shaken, 
90  aa  to  cause  the  absorbing  liquid  to  act  on  the  gaa. 
:en  the  abnorptinn  is  terminated,  the  cm  is  again  pos-ted  into  lh« 
orptioD-tabc,  to  efToct  which  the  end  <t  is  dipped  into  the  mor- 
__ry,  when,  by  sucking  at  o,  a  large  quantity  of  merctiry  is  mado 
to  pBAS  into  the  bulb  6,  so  timt  the  tnercnri.il  column  is  higaer  in  the 
leg  dlio ;  aftor  which  the  opening  o,  is  immediately  cloaetl  with  the 
finger  slightly  moistened,  and,  by  introducing  the  leg  ah  iiiio  the 
aheorption-tube,  and  then  gradually  and  carefully  unclosing  the 
opening  0,  all  the  gas  is  made  to  pass  back  into  the  absorption-tabe 
by  arrctf^ting  the  flow  at  the  moment  that  the  absorbing  liquid 
thes  the  extremity  a.  There  1ms  heon  also  previously  iiitro- 
duced  into  the  absorption-tube  a  drop  of  dilute  Bulphuric  acid  to 
absorb  the  ammonia  contained  in  the  gas. 

The  use  of  absorbing  liquids  in  the  analysis  of  neos  is  liable  to 
source  of  error  which  is  not  always  cosily  avoided.  Aa  a  con- 
siderable volume  of  it  must  be  used,'  an  alteration  of  the  composi- 
tion of  the  gaseous  residue  by  the  small  quantities  of  gas  which 
the  liquid  eaa  dissolve  or  e.xha1e  is  tu  be  feared.  Viiit-a  it  is  used 
only  for  tlie  analysis  of  mixtures  of  uxy^ren  and  nitrogen,  this  error 
IB  IcflS  to  be  feared,  if  care  be  taken  never  to  introduce  into  tho  ap- 
paratus any  thing  but  a  solution  of  protochloridc  of  copper  which 
has  been  for  some  tiuie  uxpuKvd  to  an  atmosphere  of  pure  nitrogen; 
which  condition  is  naturally  fulfilled  whfin  this  liquid  ia  preserved 
ID  a  w^-stoppered  bottlv  which  is  not  opened  too  frequently,  or  id 
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tha  pipelt«s  (fig.  MS)  before  mentioned.    But  this  voulil  not  be 
cue  if  the  gwcotu  residue  contained  other  j^ascs  bcaidea  nilrogco.* 

The  aualjreU  of  ftir  by  sbsorbent  reagents  is  longer  tlL&Q 
hj  combtutioQ  Tf'iih  iiy^xogiXk.     In  order  not  to  be  lUteMy  u  to  i 
exactness  of  tlie  anal/sis,  it  is  necessary  to  ascertain  thai 
Volume  of  the  gaseous  resitloe  is  not  afjain  diminished  by  rcinait 
for  H  long  time  in  contact  with  the  nlsorbcnt  reagent    Cnrabuuio 
by  hydrogen  i»,  on  the  contrary,  ulwayn  iuimediatcly  completa, 
indeed  cure  has  been  taken  tQ  mix  the  gnsca  well  by  ptiesing  th 
twice  from  the  abflorption-tube  to  the  measurer,  ajid  if  the  prof 
tion  of  combuetible  gas  to  the  mixture  exceeds  the  limit  uboT 
mentioned,  (§  1243,)  which  is  readily  known  when  the  analysis  iq 
terminated. 

In  some  special  casen,  which  will  subsequently  be  pointed  on 
CDmhoation  cannot  be  employed,  and  absorbing  reagents  must  be 
sorted  to  for  the  determination  of  the  oxygen. 

Sulphurous  acid  gas  is  absorbed  by  potaesa,  and  when  it  is  mixe 
with  carbonic  acid,  the  mixture  can  be  analvEcd  by  means  of  re 
oxide  of  mercury  or  peroxide  of  lead,  which  absorb  tho  sulphnroa 
acid  alone.  For  this  purpose,  the  oxides  arc  applied,  made  into  i 
thick  pnstc  with  a  small  (quantity  of  water,  to  a  rod  of  unglaie 
porcelain,  which  is  introdncod  into  the  absorption-tube  contaiuin 
the  gaseous  mixture,  where  it  is  allowed  to  remain  until  the  absor 
tion  is  compli-te.  Tlie  scpanition  of  the  two  gtiaes  is  more  resc 
effected  by  menns  of  n  concentrated  solution  of  bicbromKta  of 
taesa  mixed  with  sulphuric  acid,  which  absorbs  the  BuIpharooB 
alone. 

Cyanogen  is  immediately  absorbed  by  potassa ;  and  may  also 
absorbed  Ijy  oxide  of  mercury  suspended  in  water,  but  the  absc 
tion  is  very  slow. 

Sulf hvih-ic  acid  is  abi^orbed  by  a  smalt  ctuanlity  of  a  solution  o( 
sulphate  of  copper  or  acetate  of  lead. 

Bicarbu rotted  hydrogen  is  absorbed  by  Nordhwiscn  eulphi 
acid  Etroiigly  charged  with  anhydi-oua  Bulphurlc  aeid.  This  soil 
tion  is  prepared  by  pouring  a  email  quantity  of  concentrated 
phurif  acid  into  a  tube  in  which  anhydrous  sidphuric  acid  has 
COodt^Ddud ;  and  a  f^mall  r|uantity  of  the  fuming  acid  may  be  intra 
duced,  bv  uicaus  of  a  curved  pipette,  into  the  abKorption-tube  coi 
taining  tho  gaeeoua  mixture ;  but  then  a  considerablo  quantity 

"SloM  tbe  orlgluil  wa»  wrtcion,  ■  now  ncd  esccllent  metlioil  for  dati 
oxygen  hu  been  tlinirixcrcl  bj  Liobijt.     The  i^r  to  be  a.uk1jml  ia  p*a»ed  Intoi 
grtMu&teil  tube  lnltr.i\  witli  racronr;,  otv  ■  niaroiuy-lMitb,  *od  nflcr  kftvlnf  r» 
oS  Ui«  vvIddio),  viihoul  rcgkH  to  tem|Maratar«i  Tin«Mr*i  or  tviwioii,  •  rimU  a«« 
tiljr  of  a  tnott  cancootrkteJ  aoluUoa  of  caustio  potMta  ia  iiitro<lBc<^,  ^aa  I 
Tohima  Dgnin  read  off  immedlttoljr.  lo  Kiccrtnin  tii«  pn)p»rtion  et  e4rlMnl4  Mi&l 
A  few  drops  of  pyrogalUo  aelcl  &r«  then  paiwMl  into  tiM  tuti«,  by  which  nsus  U 
oxygen  Is  tciiaUj-  ntisui-boU  at  unco :  uid  th«  diminntian  of  toIubo  iliain  ilLrtct 
liie  prupurtiuu  uT  o\jgwu.^W.  L.  F. 
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»cid,  arising  from  the  rbactioa  of  tho  mcrcur;  on  the 
ao(ijr<)roufl  milpTiTiric  acid,  is  formed.  It  is  better  to  soak  a  pipea 
of  platinom-spoQ^o  or  coke  fastened  to  a  pUtitiani  -wire  in  it,  and 
then  iatrodaee  it  into  the  ga^.  In  all  ca»cs,  before  paastug  the  gu 
into  the  mfusmer,  it  ia  neceBsary  to  allow  it  to  remain  in  s  second 
tube,  in  contact  with  an  nlkaline  solution ;  and  It  is  abo  cssenlinl 
that  th»  gaHooiui  mixture  flulijeeted  to  tho  actiou  of  fuming  Kulphurie 
acid  should  contain  nn  oxygen  ;  a?,  by  contact  with  the  acid,  the 
mercury  might  readily  abttorb  n  portion  of  that  gas. 

The  methods  by  abnorption  may  frequently  oe  adrantageously 
combined  with  those  by  combuHtion  in  the  ana,1y.si.s  of  gnecs ;  but 
they  muat  be  used  with  great  caation,  aa  they  can  readily  lead  into 
error,  particularly  when  tlie  gas  to  be  analysed  exist*  in  very  ^mall 
qtiantity. 


I 


APPLICATION  OP  THESK  METHODS  TO  THK  MKAITBIS  OP  A  FEW 
GASEOUS  MIXTDRBS. 


1 1245.  In  the  following  page?  we  shall  explain  the  application 
of  the  methods  just  described  to  the  aaalysiH  of  the  various  gaseooit 
mixtnreR  which  may  occin' ;  but  wo  KJiall  only  consider  the  mixtures 
into  which  oxygen,  hydrogen,  nitrogen,  oxide  of  carbon,  protocar. 
borctted  and  bicarburcttcd  hydrogen  enter,  t\nce  these  are  tho 
compotmdM  which  matt  fre(|uent1y  occur.  If,  in  addition,  carbonio 
acid,  cyanogen,  sulfhydric  acid,  or  sulphuroua  acid,  oxbt  in  such 
mixtures,  they  must  first  be  absorbed  by  tho  absorbing  reagents 
mentioned  in  §  l'2H. 

We  ehall  suppase  that  the  gaAeotui  mixmrcH  have  been  preTiously 
freed  from  the  latter  gaa^s,  and  particularly  from  carbonic  acid. 

MixhiTtt  of  Orygm  ntd  Nitrtgt^ 

1 1246.  MixtnrM  of  oxygtn  uid  oitroMa  kre  iuiaI/>«4  b)'  MinbiutioD  in  tb* 
eadiontt^r  hj  tlii  proetw  d^laileil,  ({ 1211.)  We  >baU  now  eonniJor  anijr  Ui« 
two  aitTcina  oum; 

IM.  Wlien  (tic  mlitur*  conlslas  lery  little  oiyRvn. 

ZS\j.  When,  an  Lbg  cuDirujr,  it  couiaiiiH  verj'  Uitlo  nllro^n. 

Wlica  tho  |c«ncou)  mixture  unnloins  tctj  litUt  oxjcen.  tumb-tutlon  cuuiaI  bs 
■rfwlrt  or  if.  afliT  liarinK  miid  it  with  an  txetm  of  hyitxtgta,  tl>«  elootrio 
Spark  b«  puMd  llirough  it,  combuttion  it  imperfect.  A  ccrtaia  quantity  tit  gas 
IrMB  tl>9  battcrv  in  Lhvu  n'{li|ii<<l,  niiJ,  ntlrr  baiiiig  miuls  a  hoiDOf;enei>iu  miiturg 
hj  pmiag  Uic  gu  BOToml  ticuM  from  th«  ropninnr  to  ih«  *b*nriitt4n-lnh»,  llie 
•paik  i»  pkMcd  through :  when  ecmbusli^Mi  IB  piorfvctlj-  elf«ctc(1.  and  the  de- 
ercKM  of  Tolnma  of  tlic  niiitoi'L'  fi\tf%  ilie  iuid  of  ibe  otjKen  find  liydrog^n  whioli 
<)<iiiilHa»d  toiMlier.  }  of  which  U  dua  to  the  nxygen,  wliile  lh«  hjdrogcii  ovcuptnil  |. 
TUf  Kaa  tnm  ttw  baliorj  dooiI  not  bo  taken  inia  acconot,  Iiccnusc  it  disappcwv 
touIlT  dorlDc  oombitfttloa.  U  la,  moreorer,  uridant  that  it  muKt  altntrs  b*  m- 
ecriaiacd  if  the  T«luni»  uf  lijdrvgiiDadd«diaKT«attr  iJmn  tho  )  of  n  Toluma  whioh 
*U*appeand ;  fur  if  it  nerv  otberwiM,  it  wDiilJ  ba  a«riiig  to  a  (lortion  ntiU  Taanlo- 
ia|t  in  the  gaa«oiu  r«aidi]c. 

In  order  id  frvpara  gM  from  the  hatieiy.  ftMhIj-  bvlUil  water,  lo  wUch  a 
«  mall  quantity  of  tiilpbuTio  nuid  baa  lion  aililnd.  i»  iniroiluped  iiiiu  a  large  Inbe 
cloard  ai  «iie  end:  nnii  iirn  iilipit  nf  placinntn  foil  icrtniiiuiiQK  llic  wire*  of  tlH 
baiter^,  widch  paM  tlirough  the  cork  in  the  tube,  arc  ptunscd  into  Ibo  water. 

Voi„  u.—i  M  aa 
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The  nmt  tnb«  )■  triTened  hj  a  dischargtng-cube.  faj  mefttis  of  whlok  tlie  nxt  I 
on  oollvaUd  over  mnrcnry.     Four  of  Buntcu'a  cltmenU,  mwierfttel^  obuxM.  »x%  ] 
vaffi'Ciaiiit  to  ■BvrJ  u  copicafl  erolution  of  goa ;  &ail  the  Ittter  U  •llorcd  u  p«T> 
mMU  tha  msrouiT  fir  HTcrikl  tionn,  in  order  to  b«  t>ur<i  tlmt  tlia  v^Mr  hika  iS^  I 
eoWtd  b»tli  gsKeiapr«p«rproportioiu,ii&<larM>Bta)«gpbcr<^  fara)«l  of  1  tiAhbc] 
of  osygea  uiil  3  *«liiraM  of  hydrngvn.     Tk»  gu  i«  Uien  cuUwcKd  in  Ml-gUaM^I 
and  before  using  it,  an  experiment  is  made  to  a»oert4lti  tbkt  It  U*<i«s  do  r««MMl 
on  combuAUon.     For  lltU  purpose,  a  ccrulu  volumo  of  atmoaphDric  air  being' 
exMntlf  measured  in  thd  BudiumeieT,  nnit  a  ncarlj^  «i|ual  lolumc  of  gai  Trom  Am 
faattvTf  iRtraduc«(l  aoij  parfectly  miied  with  the  ntr.  ih«  *pirk  in  paH«<l  tbrouch. 
ItOtt  Kaa  from  tbo  bnttcrr  cootnina  the  two  bum  in  the  ciacC  propordom*  umA 
Ihcn  watnr,  tho  nUDOfpliwlc  air  occupicf,  after  cambusllou,  euctlj  Uia  bum 
ToUiQO  41  boforo. 

When,  OD  the  contrtinr,  tlie  taiiliiro  contains  a  large  qiianlilr  DfoKj'gm,  MOt-j 
bastion  ifl  t&aiiy  effeat«ii,  and  tho  ana,IyBii  is  eioct,  prorided  UifiT«  ha  ui  exMMi 
orhfilrogeu.     Bulwhwt  tba  approxiiuaie  eoinpaaition  of  the  gau  i>  unlmowt],  it  it , 
tiouj«times  neuenarj  to  add  sit  peat  a  c)|iiiuitit<r  of  bydrufon  that  thii  (^uantilf 
can  bo  no  longer  meaimred  bjr  reducing  (ho  gM  to  the  Rama  Tolnmo,  becwuie  tbcj 
column  of  niercnry  which  biilancea  it  would  cxcoed  the  upper  end  of  lh«  tube  cA 
ThiH,  iudeed,  miglit  bo  araideil  by  operatlog  <in  a  buihUit  quunilt/  of  Uie  faa  ta^ 
bd  aualjxi'il ;  hni  liio  onalj^  can  hu  uuuiiiiued  b,v  bringiui;  tlic  miilurq  of  gM  J 
nnd  hydroptn  to  a  mark  ra'  placed  lower  timn  tbo  murk  <t.      The  electric  tpark  ill 
pBixed  rifti^r  having  rcdnoed  tha  gtta  nAiirlj'  to  an  ei^uilthnum  inth  the  *zi«raii 
proMurv,  snrl  llio  el»tir  forco  &f  the  rft«idue  i*  mniiiUTod.  either  at  the   leral 
m,  or  th«  level  m'.     It  is  emj  In  determine  by  onlciiliiti'an,  nnd  bj'  the  aaalahJ 
anoe  of  another  measuremeat  with  the  appFiralua.  (be  elnaila  forces  utiiidi  tiM  1 
gksCuiLj  mixture  would  prciwot.  if.  iustvad  of  rcaeliiug  llic  Wei  m'.  ibmjhmi  on-j 
elaully  rfinaiiitd  ol  ra,     Ilnill  frciiuciitly  hoppi-u  thnt  ihe  i;a9coiiii  ra«idne  «(i 
oombuation,  lorolled  aueccniTcly  (o  iho  morka  ni  and  n',  coircapcudf  to  Dlaadt] 
forota  moaaarmbla  on  the  tube  ih;  but  ahoatd  it  bo  ellin-wiaa,  a  portiuu  of  th*l 
gaa  t*  allowed  (o  eaenpe,  nnd  a  amall  i)uantity  of  atnoapherio  air  to  enter,  is' 
order  to  fulfil  thiti  condltir>n.      Let  11'  and  II"  be  the  clmtie  faroei  which  evrr^ 
apond  10  Uie  nuue  gas  wlieu  il  In  neueasapll/  Icvetled  to  the  marka  nt  aad  m'  ;  Q 
^0  elattio  fnree  of  llio  uiixLuro  of  gna  and  hydrogen  wliieh,  not  bein;  abia  la  ba  I 
lerelled  at  m,  hna  reached  ihe  mark  m' ;  nnd  z  the  elaati>o  C^tdl  of  the  g*a  hod  1 
boon  levelled  at  m :  wa  ahatl  then  CTidoatly  haye 


.  =  un-- 

Tie  inrerae  iuconyenience  freiiuently  occurs  wlieji  tbo  i^iueoua  reaidaa  ia  i 
small  to  b«  meoHured  ut  tlio  mark  m ;  and  il  is  then  mcnnurcd  a(  a  hij[hor  ai 
and,  by  a  caloulatii>a  simUnr  to  that  just  mndc  the  floatic  foroe  which  the 
would  proaanlirthelcTcl  were  mivde  at  nt  ia  dctomtiDed. 

Tb*  iiffigultj  may  atao  ba  avoided  in  onotlivr  way.     After  having  pasaed 
nwaiu  realdae,  of  which  tharnlune  ia  too  amall  to  be  measured,  into  the  abof 
aut-taha  wX  the  ordinary  iDark.  a  certain  quantity  of  air  la  introdueod  int«  i 
roeainrer.  Uia  ettiatic  force  of  nliich  is  determinod  after  ItaTinf;  lovcllod  tbo  aa 
iniry  Ui  che  mnrkt  m  und  C:   after  whti^h  tho  eiu  cnllactnd  in  (ho  abeorptlon-lvtl 
ia  inirodiicrd,  nnd  tho  incrcaite  it  pnidncrn  in  chr  elofiic  forco  ia  delennlned. 

If  the  proponion  of  nitrOKen  in  iho  mixture  i«  very  small,  and  !f  no  great  i 
of  hydrogm  lint  boca  introduc-cd,  it  muy  happen  that  the  r«:idtie  of  oaaibiiatio 
can  only  be  Moaaurod  by  reducing  it  to  a  very  iraall  rolumc  ;  ia  which  oas«  ii  i^ 
propar,  If  gTentaxaetneMlareijiiiTed,  to  re^tard  thii  oDalyne  meroly  aa  rkpproitm*>I 
tivc,  and  to  mark  n  new  one  in  whiah  a  larg«r  proportion  of  bydro^a  nnat  }t^\ 
uaed. 

MixrvTi  nf  tTytrogm  and  A'iltoptm. 

i  1347.  In  order  to  annlyic  thia  mixture,  it  fa  burned  in  the  eudiomeier  with 
eiooM  of  oxygen :  and  the  volume  of  hydrogen  ia  (hen  )  of  the  volamt  dinn^j 
pcared.     In  thia  experiiuoal  il  is  oecca-iary  to  obnerTC  that  the  relume  of  iba  tie 
touatlng  ga*  doo*  not  form  more  than  0.8  of  the  gaacoua  reaidne  wkich  : 


INTRODCCTION. 
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kfter  eombaition,  u  oclitnrim  nitrau  of  nercnrj  would  b«  tvnatd,  (|  1248.1 
It  i«  alvitf*  e**j  to  kTold  UiIb  acoldcnt  by  increasing  tlia  qoADtllf  of  osygoB,  of 
iibieh  the  greatrr  or  lem  exoons  does  not  ^ffciit  tlie  aoeunoj  of  tli«  ukljiis.  Tbs 
CMnbmtion  uaj  alaa  be  raadi  at  two  pericda,  bj  adding  in  ihc  Grat  pUce  an  ia- 
ntSoit&t  qaanticj'  of  axjK«o,  which  i*  oiaotly  io«»iiirc>l.  pt»)iaK  Ibo  spnrk  and 
BiMliurinit  the  r«*idii« ;  uid  thnn  oildiaj^  aii  cxc«*>  irf  oxyn^n  aoeurnloly  dat«^ 
tnfDed,  itndl  vtFccUnai  a  n«w  c(MBba*ti«ii.  Thin  molhod  should  ilwaja  be  rinplofMl 
when  the  g%t  oontalDB  bQt  verj  little  niCrogcn.  bixaiiee  it  then  bwomeB  11MMUI7 
to  add  a  Ktt^l  «xe«ia  of  oiy^cea  In  onI»r  10  lie  abla  to  ia«Bj<i»  tli«  raldna  kftcr 
oombustioii.  It  ti  alao  prauuoabk  lu  iacreaae  the  iMtdao,  bj  itdduiK  to  tbe  tnix- 
tsn  to  be  nnitljEcd  atiDDiphcrie  air  accurately  mouuircd,  nnd  then  osjceo,  in 
oH«r  to  have  an  ckccw  of  ibo  Eattcr  kil^ 

if  tl>«  proporlloD  of  bydrogcD,  on  ibe  contrarj,  is  TOrr  smalli  U  luBxploeivo 
mixloro  U  obtained  aflor  the  aildiLicin  of  oiygvo,  and,  in  crate  to  effect  couibustiva, 
gu  (h>in  the  bailor/  muat  bo  tidded. 

Miztare  of  Ozyyel  ani  Ui/dr^gat. 

i  t2fS.  ATtftr  hnvLUig  oeuured  llic  pk*  in  llic  audiometer,  on  elecCric  t.park  i> 
pUKil  through,,  wfann  j  of  the  rniitmi:  dinappcarcd  arc  hydrnjiDn,  end  }  oxjgcti. 
Ai  tb«  EUvona  t«u<iuc  miut  be  cither  hjtb'OEon  or  ost^cd,  il  U  (ofScieat  to  ■•• 
ctrteia  Its  natoro.  If  the  roaidoo  ii  too  imiul  to  bo  moaiuTtd,  It  la  ntcoMarj, 
after  aaoMt^nbR  ite  nature,  tn  inak«  n  tftcond  nnalyda  after  ailding  to  th«  mix- 
ture an  eseoM  of  one  or  tho  other  gajezaotlfDoiirorod;  or  to  omploj  the  method 
deevilied  { 1246. 

iBUtr*  of  Nitrogtii,  Otygtit^  mi  ITydngm. 

\  12*9.  Ihi*  tnixtnr*  ia  analyredlike  the  proecdinp,  with  the  only  diStrcnco,  that 
ftfter  having  rRceled  entoh-ualine  hy  the  nl^ctric  fpnrk,  nnd  nscortainfd  if  hyAre<~ 
f«n  or  niTgrn  rtunnina  in  tho  Tp«i(hie,  an  <iK(<f!s  of  lh«i  gaa  wanting  is  added,  and 
another  comtiuBtloQ  effected,  after  tlio  aildltion  tit  gax  from  Clio  batter}',  if  It  be 
aeeewry.  The  HBtiiR  precnuiions  as  in  th<t  nnalyais  of  the  miitare  of  h.v<tro|[Oii 
KOA  esjJCOi  arouncd.  carr  liciu^  ntso  Ukon,  thKt  If  elCbor  of  th«»c  ccnibiistions 
take  place  in  Ute  prcitncc  of  on  exroM  of  oiy^n.  the  Tolunic  of  dctoaailiig  gaa 
shall  never  form  mort  than  0.9  of  clio  reaitluo  after  combuslivn.  to  prevent  the 
forming  of  nitric  pruducts;  which  acvideot  taay.  howcTor,  always  bs  aYoidcd 
by  the  addilioB  of  a  certain  qnanlltf  of  atmoipherio  air,  which  moat  then  not  be 
omitted  in  the  ei.kulBliou. 

JUuiurt  of  O^ygrn  and  Owi4<  0/  CarApo. 

{ 1250.  The  eleetrio  Rpartc  being  pa«iie4  thrnui^b,  and  the  reaidue  being  mea- 
rored.  the  latUr  i«  paaud  into  tho  abaorption.tulio,  nnd  brought  in  ooeiaot  with 
the  aolution  of  patasM,  in  order  lo  abcorb  tlie  uarbonic  acid  formed.  Now,  ainao 
1  Tolume  of  oxide  uf  citrlioD  cooiiuiuca  }  vul-ume  vt  oxygen,  aud  yields  I  rolume 
of  oarbonic  acid,  the  rulumo  nf  otide  of  carbon  ^louchl  i>  preeisely  ei|ual  to  that 
of  tbe  carbonic  acid  for(n«d;  and  it  i*  aIio  dotiblo  of  Utc  dccxeuc  of  Tolune  [a 
tbe  gaa  by  combaetioEi. 

If  the  proportion  of  niiile  of  cHrhoii  i«  eroBll,  comhiistion  i*  eithar  inpei^ecl 
or  BolU  in  wfaieh  eaie  f-as  from  tha  ba(i«ry  moat  be  added.  The  addition  of  tblt 
gaa  if  very  oaeDil  in  all  caaeii,  bceaune.  aa  the  heat  deroloped  by  the  (ombiudon 
of  tbe  oiido  of  carbon  i*  not  very  groat,  oombualion  ia  Trefiuently  incomiitete. 

Xirllire  ef  Nilre^tn  and  Oridt  of  Car&on. 

I  IS&l.  In  tli«  cue  or  this  mixture  the  cjiplnaion  ia  elTccted  aflcr  adding  an  ei- 
Mnef  oxygen  which  in  exactly  merviiircd,  nnd  thrn  >  cerlMO  i]UB.ntilr  nf  jcai 
from  Ibc  bailtry ;  ofter  which  the  volume  of  Ui«  oxide  of  carbon  i>  double  of  that 
irUtli  dieappean  by  (iimhitittnu,  and  equal  to  th*  goliune  ofotu-boolo  acid  fi>nii«cl, 
leUdi  ie  Mcertuned  enactly  by  nbeorbing  it  by  potiaaa.  Cate  moM  b«  uiken  that 
ike  proportion  of  the  eomUuitible  mixture  to  Uko  Inert  gaa  be  not  great  enough  to 
foem  nitrie  prodaeU.  which  aouiUeut  ia,  indeed,  only  tu  be  feared  when  a  larire 
qaftnttty  of  gaa  from  the  hnttcry  hoa  bim  added,  bccauw  then  the  tempcrattire 
riwa  MJficiently  hixh  loprodace  a  fraeTolatilluiion  of  the  mcnvnry.    It  iiandded 
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ill  Ul  euei,  by  &d4ing  to  Uie  ■;■*  >  pfaptr  quantitr  of  fttniDipfatri*  *ir,  m^mcI 
nun  not  b«  nogloatod  in  th«  euatilation  of  tii«  rceults. 

ifitfvr*  0/  tlydrvytn  a»d  Oziitt  of  Ca  rbon. 

{IS&S.  ATit1a»«of«xjgeneotn«vkftlgr«at«r than ibawnbciagad<I«(l  Id tfai* nix- 
tore,  tht  eKpioBioiiiscffeot«'dftri(I  thB absorption Mnwk«d;  iiiJUbIIj,  Ihe  eorliomt 
■tiilii  uhiorbpil  b}>  iiotKuiBv  Let  o  bo  Uin  nrofortien  of  earh&nie  aoid  thiu  fooad, 
a  Uio  proportion  of  h^iiroKnn.  t  tlmt  of  the  oiide  of  onrkon.  Tlip  hyrtrogMi,  bf 
bttininK.  ooDauinea  li&]f  or  lU  lolninn  of  ox^^vn;  and  ibm.  in  coMeqnenM  «f 
the  combuslton  of  the  bylrogrn,  iher«  h  a  deci'eaae  of  vulnma  ji.  Tha  o^dt 
of  euboii  cunnuinrs  bnlf  of  iu  vuluroe  of  uijf^n,  anil  pruJuoea  a  Toliime  of  CM^ 
bonio  Mtd  pqual  to  it*  oirn ;  luttl  the  absarjitioii  produced  bjr  Um  cmnbuation  of 
tbit  gM  is  tlior«foEe  ji.    Thu*  w«  b»<r«, 

»=n, 

It  Is  neceiBaary  lo  adil  a  aoDsIdertble  volume  o-f  oiygen.  In  order  tkftt  tbere 
Rbnll  remiiin.  afiw  siploRioc.  enough  bbh  to  ullow  it  to  lie  nccuralely  nieitKurad- 
If  the  ori^&l  mixture  cDiit.iinc<d  t«tt  litilo  lijilrogcn,  it  woulil  h-i^  prudiini.  after 
OombitsUcin,  to  introdnce  gns  t^cm  Uio  bnttcrj,  anil  flTctt  a  now  vxploBloo.  Id 
order  to  bo  euro  of  cauplotely  burulDg  the  oxide  cf  carbon. 

Malvn  of  Pntnftn,  OTj/gm,  and  On'ib  of  Cmbaia. 

1 12GS.  If  thi*  mixture  cantsinn  n  large  muDunt  of  nitrogon,  *  tmall  qnkntitv 
of  OSJde  of  CEkrboD,  iui<l  Qxy/^aa  moro  tbuiiL  aufiiciuat  ta  coovrrt  Uie  oxido  of  carbon 
int«  eerbotiic  aoiil,  gun  froui  (h<-  buLIi^ry  ii>  mlJ-cd  to  tlio  mixturo,  and  sd  oiplusion 
«ffHtod.  Lot  n  b(i  tlio  uli^ori'lioii  [innliii^od  i>^  tlio  coinbuMioo  :  tbo  toIudi*  t>  of 
oubonio  nciil  forrncd  ii  then  d«lormmvil.  Let  V  be  the  rolume  o(  ibo  origwftl 
mixlnre.  y  tiio  Tulnuia  of  oxygen,  r  lint  of  uiiJe  of  carbon,  and  lurlljr  n  tliat  of 
ih»  Ditrojcn ;  tliero  itill  tlm  rmilt,  in  \h«  lint  place,  ibo  two  aquationa ; 

f^f,    wbeaco    n^^Qn, 

iriildi  aktnJd  gl<ra  iht  mmt  nluo  far  ; ;  proTtuK  thai  it  una  In  fact  oztde  of  ew- 
bon  wUcb  txlated  In  tbo  mixturo. 

An  CKoets  of  bydroKoa  i»  then  added,  nnd  o.  portnLa  qunntit]-  of  Rai  from  tb«  bat- 
tcry  tf  it  in  probttblo  th&t  but  vory  little  oi^g«n  remaina  in  tlin  niiitara;  let  *i' be 
the  new  Bb»oriilion  effeotud  hy  the  oombiuiion,  nnd  there  rciult«, 


»— 3  +  T' 

If  ihe  oiidu  of  cnrliQii  predomiMlc*  orer  ibe  aKT([i<n,  nn  exceaa  of  oiygen  a 
trnut  be  iamedintclj  added,  and  then  the  cqantions  an  u  folloira: 

t=n. 


y=J+|-. 


If— V— y— *a.v-a«— *'+«. 

If  the  nitrogen  ciiateil  In  biiibII  quanllly.  it  wontd  be  Dflceiaary  to  add  for 
fint  oonibiutioD  a  lorgo  <|uaDtlt;  of  osjfeu  in  ca*e  ibe  exidc  of  enrhon  si 
pi^ominatt,  and.  for  tho  aocond  cuubuBtion,  >  lar^c  cxoMS  of  bjdroKBn,  ui  ordar 
to  bavA,  afl*r  each  of  th<«o  eoinb nations,  ■  gi^feoxn  residaa  silfBoiaBt  to  enabla  lu 
ucnrate  mcanreineDt  io  tfae  apparaiu*.     Ifonsor  Ibaotbarof  l^aaa  vombuttioB* 


TsntoDrcnosr. 

'ftpp««r  f««U«,  ffu  from  the  battfry  mtist  be  introduced  before  pOMitiK  the  tpftrk, 
utd  it  tniut  b«  mccrUiDfd  if  the  Tuilumc  ii  bltcr«<l  by  thtn  new  expIou<>n- 

Mixktrt  n/  fiilroftit,  Giygn ,  HgdragtH,  and  Oiidt  of  CatbM. 

i  12M,  fieroTk)  cum  of  thij  mixture  tnnv  oconr,  accordini;  m  one  or  Ihc  othtr' 
KM  prcdomisktea.  We  tbtil,  in  th«  fir*l  place,  suppose  th&i  ihe  oxygicu  eiisu  Ib 
Rr«i(«r  qfVkntllj  tku  that  ntcMMi;  to  eempleteljr  burn  tlie  hy^gcn  aad  osi  Je 
uf  Cuban:  corabtutioD  u  imait<liiiiFly  <ff«elail  bj  tbe  tpuk,  if  Ibc  combvatibte 
■aisrare  (arma  ■  tionsidtrable  prdpnrtl^n  bt  tJie  inerl  gu;  but  if  other-iriite,  th« 
tpark  !•  pasaed  onlj  after  huTing  adilcil  the  i^iufrom  the  batterj.  Let  m  ba  the 
Tolome  wbif^b  dimLiiiieiirK  by  ib?  cututmstiniu  r  llin  volnms  of  hjrdrngeti;  tlieil,n- 
taloiDg  for  Uie  otii«r  gsKci  the  same  ctinrBolArii  am  abcrtt.  westaoll  hare 

The  ettrbODis  Mid  is  abderbed  by  potoeea,  eanaiBg  a  diminiition  of  roltuse  n, 
«U«]i  gliea: 


An  eseoH  of  ttjdrogen  b«ng  then  iatradtioed  and  tho  espIoEtan  effeaUd,  anew 
abaorplion  m'  it  obaencd.  nhence 


trheaea  rbllDWt 


«i=V — a— jr — >( 


«4W+j, 


«=V- 


SM  +  M'-fS" 


I 


The  qaaatilyM  eto  b«  Ttiified  by  exploding  the  last  guogns  rosi>liic,  «OQnitiBg 
obIj  of  niirogen  and  oxygen,  wilb  an  eic«Bi  «f  kydrofcen. 

If  eiygen  exicts  in  Ibe  mixiure  in  a  qunntiiy  tniufficient  (o  eomplelely  burn 
the  brilrogen  aud  ciide  of  cnTbon,  a  certnin  i^uantily  o  of  It  is  added,  and  for  the 
fooaifnt  thin  new  mixture  is  rcgsidcd  nt  lliat  lo  bo  aoalyted ;  the  oquatiunii  of 
tbe  pncciing  case  nre  c-unEequeully  ap^ilicable.  and  il  Ir  sutBdent,  at  the  end  of 
tbo  analyiii>.  lo  ilim.ini-.b  tlie  oirgcu  y  by  tLe  c|uiuiticy  a  wbich  had  bocn  added. 

Laatly,  If  the  niuogtn  be   present  iu  T«ry  etnaU.  ijuaniity,  the  Bunie  method 
c«ul'I  be  employed ;  aod  it  would  suffice  to  add,  before  each  eombuitiou,  a  anB< 
oiemtly  Urge  eioee*  of  the  gai  vbinh  i»  to  efftie't  it,  in  order  U^at  tbo  gai>n<iii*  r»- 
aidna  may  be  exaotly  aod  eaaily  meagiired  in  the  apparnta*.     A  cortain  luaalil/  . 
of  atno«[>han«  air  may  aliio,  iu  this  eiue,  be  added  to  tibe  original  miitiut,  wlilcLi  J 
la  ta  be  broiiKht  into  tbe  final  cnlcutation. 

MUlurt  if  Otygm  end  Pmtoturbitntttd  Jlftrogtm, 

\  ISaS.  If  the  OKy^en  doei  not  eiiat  in  a  qnaetity  mere  than  raffieient  to  eon- 
plMd^  barn  (he  protonarbn retted  hydrogen,  a  quantity  d  of  oxygen  mutt  be  added, 
wUsb  !•  to  be  nfierward  r«nieinhprad  in  tlic  nalcuUlion.    Let  m  bn  tlie  dimitiutina ' 
oTTtrfaiiu  pToduce<l  by  Ibc  eiploaion,  and  n  iliat  tlfecletl  by  the  abec>rpti<>n  b; 
potana. 

As  iTolnmeof  protoearburetiedhydroEciiooBBiimeaSTols.  of  oxygen  and  yields 
1  Tol.  of  carbonic  acid,  we  bLbII  bare,  oeaisnattag  by  v  tbe  Tolome  of  protocar- 
bntetted  bydrogoo, 

vacSt    miMiice    i»3mm ; 

wkUh  two  relations  ilteuld  gire  llie  samo  xalue  for  r,  If  tfae  gu  la  protooarVs- 
niMd  bjrirona. 

Ski 
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Mixiw*  cf  JJyJresen  and  PfotoMrhurttltd  Hydrcjtn, 

\  1256.  To  thi*  miiturn  %  Iu-^d  (ixcoh  of  niygpti  it  aildei),  in  oHar  tfaAt,  after 
\\v  connbnstic^  ^nd  nlinorption  or  tbe  oarhoni'O  acid,  Ihvre  chsll  remain  a  vatutne 
which  cui  be  cmctl;  meftaored  in  the  Apparatus.  KV.vt  |>asalug  tbe  titcttric 
apark,  dii<1  observing  the  abscirptlr.ui  ta,  ike  uiu'bituic  &ciil  ia  nbnurbrJ  ti/  p<>taii«« 
L«l  UB  alnnje  Jetignulu  tJi»  lijiirngva  bj  3,  tLe  prutuourbiircttc<i  hfdrogoii  b;  *. 
uid  hy  n  tbv  eufct>nio  acid  furiued ;  «c  stall  bate, 

wlunioe  1=—- — , 

and  .Vas-f-v; 

wUeb  tmhH  ma;  ako  be  verified  by  determining  the  quuititj  a  tit  oxygen  ceo* 
sonud  In  the  oonbustion,  gititig 

5+21-=-. 
Ilmet  it  dedneod  tha  eqnnlioB  : 

which  tnor«OTer  exists  for  carbvTcitled  hydrogena.  their  mixtUNi  with  bjrdrogea, 
the  mlstiiTM  of  hydrogfin  wiih  oxid«  of  carbon,  and,  can«oquoQtly,  for  all  tht  mix- 
torcB  ef  thus  various  gasee. 

Uirlvn  of  Oxidi  0/  CerbaH  and  PretixarbiiTetled  llyihvgfu 
j  ISfiT.  Tbix  miilnrft  ii  exploded  with  a  larvc  ezoexa  of  oijgra,  ia  onler  10  he 
nblo  to  moiunro  ciaolly  the  last  goacoun  luudue  1  Utcrc  in  again  nbncrred  a  d*- 
Groaso  of  volamc  n,  end,  bj  incniis  of  pot»»B,  it  is  aicertained  tlint  a  qnitntilT  n 
uf  carbonic  hold  hm,  funucJ.  If -i  aad  u  Still  repreicnt  tb«  {'roporlioui  of  oude 
of  carbon  and  b^drogeD,  ve  shull  have 

14.0=0, 
nhenoo 


et,  W  rerify  i^ 

V=s  +  «. 

By  ftioeiiEiiitliig  Lite  quBntliy  of  oifgen  wbicb  has  ditappcared,  thert  rMslt* 

vliaace  la  Kgain  daduowl 

A  certain  naantitj  k  cf  atmoaphcTta  nir.  and  then  an  axetaa  of  ctygeo,  may  ate' 
be  added  to  the  gas,  taking  cue  to  aToid  ttie  coaditlon  iti  which  niiniuii  prtidiiett 
mnj'  be  formed  :  but  the  Cnt  pUn  ii  pr^fcrabk. 

MixtvTt  ef  .Vi;nii;tii.  0,iygtn.  nnii  Pralocarf>urtlltd  llyjtogin. 

J  1:^68.  A  qaantitj  h  of  oxygen  being  added  to  tbe  tnisturo  in  order  that  thia 
gaa  muy  be  in  cieetj,  ibo  «x[>liMioD  it  ofioottd  B^d  ilie  deeteaae  ot  Tolume  m 
tnarlted;  after  whiob  the  Tolutne  n  of  sarboiiia  aoid,  produced  bjr  abaorptioa  li^ 
pDtiuia,  i«  n»ccrtaiiied.     Then  if 

Se=n>, 

0*11, 

Va=y +!-+«. 

The  next  step  ts  to  detvmine,  by  meiins  of  oombastion  with  an  exceaa  of  hjilra> 

Sen,  the  quantity  j^  of  oxygen  which  remains  in  the  resldne.     Km'  reprtaenta  tbe 
eortaae  of  Tolume  effected  by  this  CDUihiution,  we  have 


IKTBODQOnON. 


489 


Wc  lure.  moreoTcr,  for  the  qntotllj  of  «  of  osjgtn  MOBomed  in  th«  lini  ogn- 
bonlioD, 

Bt™ii  +  )/■  —  &=a  -f  y — 6, 
,  vbMWt  maj  bo  deduced 

y=a  +  -—b. 
ii«=T+4— «  —  ■-'— n. 

JUirJWT  0/"  Aitnigni,  Oxfjirrn,  llytlroem,  and  FmMorlmrtlUJ  Bydngtn. 

(I2&9.  Thla  mizturf  frt'cjuciitly  rxintx  in  sir  vliiab  biw  piuicd  throngli  the 
Xv^tfl  '•  'B  'vbicb  caoe  tbe  nitrojccn  prcJoiniaitlc)!,  •n<J  oiyjctn  ie  prfMiit  lu  niucb 
Ikrifcr  i^unnUlj  thnn  nouM  lie  novix^imrj  lu  cnmrlo-lvly  buc-ii  tl-io  cuiiiUii(ilibl«  K«8M  ; 
bai  the  miitiint  cAiinot  h«  <>(pla4nil.  Aftfr  tAASne  gnu  frorn  th«  batlorj,  and  «V 
Hrtiiw  Ui«  dpoTVMQ  of  vnliime  n  whi«h  rHutU,  tne  qoBntliy  n  of  e&rbcoia  kcid 
ftmiM  b  a8o«it«iiu»d,  ukI  [lieu  oper&Qoui  romUh 


:■— <• 


I 


Tbs  qmntity  y"  oroxygeu  coniumail  bjr  Ibia  oombiulioa  ia 

After  tbeae  op^rkduax  Uierc  rcmaiai  n  miituro  at  y"  of  Dijgori  ami  u  of  nitro> 

£tn,  rvfcrrvd  to  the  original  Tolume.  which  ii  analj'ied  bj  lb«  proflesi  eipL&iued 
I  J  IS46.     Tlie  vbolo  quanlitj  y  of  uiyt^en  ■.ontviniid  iu  tbe  niixtura  U 

y=jr'  +  y". 

As  a  ni»a*itr«  of  nnati^r  cortaiotjr,  it  is  well  to  dctermiiio  directlj.  hj  abiorp- 
tlon,  In  itn«lh»r  iwrlloD  of  the  oripaal  ga?,  th»  whole  (|n&iLlity  y  of  oxygen  ««n- 
laioed  in  thv  gaxeaus  inixlure,  whicli  thus  aifarij!!  iv  vvFtAvation.  proTing  1h» 
eombuKiJblB  uiiiiupe  to  be  rormoj  of  hyilMgcn  and  pnlnRiirhiiTctted  hydrmgcn. 

tf  the  oiyifrA  conUined  in  the  mU lure  were  not  suHcienl  In  cnmplntrly  Imra 
tbc  lijdmiira  anrj  prritocarhurctlrd  liydrogcn,  a  certnia  i|uniitlly  a  of  (nrjctu.  to 
bo  taken  into  nccouat  at  the  cltneo  di  tlie  eiperim-cut,  would  be  added,  and  la  tbla 
MV  nUture  tlie  procna  juat  described  would  lie  appll^J. 

iftdvt  of  yilrogrn,  Oxygtit,  Oiiilt  oj  Carbon,  BfJrogin,  ami  Protonrburtllrd  thjJrognt. 

1 12fl9.  We  ihall  again  auppijoc  that  the  osjrgea  ie  present  in  BuUiaieat  quontitj 
to  oompltlclj burn  all  the  coinWaitVle  gases;  for.  if  it  were  otbcrwiie,  a  iiuffioi«nt 
onantity  of  oxygon  mmt  bo  added,  and  tho  new  >iiiztiir«  tlieu  bo  eonaidorod  as 
VM  anginal  gai. 

TIm  Biiluro  ie  oxplodod  in  the  endtonieter,  rither  alone  or  afler  the  ndditlon 
of  the  gaa  Arom  the  bnttery:  and  the  abaorption  n  being  marlied,  and  the  quantity 
a  of  caibonio  acid  praduced  dt'termined,  tbere  rcauIM. 


I. 

i+ a +'•="• 

n. 

'+«■=". 

m. 

y=^i+!!.. 

The  gai  which  romalna  nner  these  operatluni  ii  oompoBad  only  of  nitrogca  and 
oiyin.  of  wblcb  Ui«  quantities  «  and  y",  whiub  may  from  lliie  time  be  oantiderei 
la  Baed,  are  next  aaoertainod. 
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LaeUj,  in  a  trnh  quuititv  of  lb«  ariginal  gtuwoiu  taistON,  the  vli«la  ^naaljljr 
y  of  oxjgea  wbkli  exitU  in  it  is  ileteTmiaVii  by  abcorptjtm,  vbich  givvs 

IV.         v'=v-n"- 

Tbe  equaUoDS  I.  11.  IIL,  «hi«)i  aro  then  sntKaiont  for  Ui«  calcuUtton  of  tkt 
tbree  UDktioirti  (r|uanuti«a  x,  y,  and  v,  give 


»=m—!i',     p=y' j^, 


JIflxfwT  a/  Orygttt  amii  BtMrbititUed  Byilregtn. 

ni.  If  thin  mixture  dcu  nat  eaotain  t  tuSciMlt  qtiADtitjr  of  eiygcn,  it  it  ta 

Sd  Id  inch  &  jiroiinrticin,  llial  nder  thi  axplaaioii  utid  ktMarrUoa  oribacv- 

LUWre  ehsU  rpmnin  a  rv*i<IUR  of  oiyg^n  wUi«fa  nan  ba  exaotlj 

Ter.  DGcnstiiy  that  there  Hhanid  cilat  (n  th«  mliturc  a 

raUe  pr^attion  of  inert  gu,  as.  othertiiM,  the  cudloDietric  lube  nielit  b« 

[hokon  t)j  till)  Tialeccc  of  liio  ckploaioo.     If  tbu  proportion  of  bia«rlini*tt«d  hjr- 

4n>geB  t§  Tory  xrcat,  it  is  prcferablo  to  Crot  meMuie  in  th«  apparDtiu  m  ecrtcia 

^nAotilj  of  atmiHpborio  air,  luid  tli*ii  inlrodDce  tli«  g^  to  be  anal/iod,  anil,  if 

it  bo  nooMmrj,  a  eortain  tiitaadty  of  otygen,  bnt  not  caovfEb  to  OomploUl;  bun 

I  lb*  combnillbte  gM.     After  haring  cflocted  Iho  ciploalon,  which  ianuab  iMa  tIiH 

''Ihan  if  the  eanibuxtion  were  complclo.  un  eiceia  of  oiygen  la  tnlrottuMd  sad  u* 

ttclly  rotamired.  after  wliicli  Iho  niiilure  ii  BKaiii  eipludeit  iu  uitler  to  perfvot  tbt 

coin tiunti nil  :  anrl,  if  ibi  lattvr  he  fenMc.  it  would  he  prudent  BC&in  to  pau  th« 

clrclrio  epnrk.  nftrr  hniiiiK  added  goh  frgm  the  baUorr.     Iiet  m  bo  the  Tolnu 

wlilcL  liftK  dUappeared  in  the  fuccestivo  c-ambiistiDiu,  am  a  the  Tolume  of  carlitale 

»cid  ub^vrlji-il  b^  Ihp  pvli>«H»  ;  llieii,  as  1  viilurae  of  faaoarbnr*tl«d  bydragon  oon- 

tnmea  8  *al*.  of  oxjg^n  aod  prodnaei  3  tiIs,  at  oarboniQ  add,  wo  tttt,  dod(- 

^  Utlag  by  H  tiie  volume  of  blear  bur*  ited  hfdrogeD, 

2ic=n, 

2ic^n,     whencu    itsn. 
In  tbe  lait  tnode  of  operating  there  ii  itas  JaD|rer  ef  burstini;  the  Dadiomoln, 
and  tba   fnrmatlon  of  nttrnui  products  is  also  aroidod;   for  it  would  on);  take 
place  ]q  lbs  icoond  combustioD,  which  generall;  dieengages  but  Utile  heat. 

MuMr-t  of  Hydrogen  anil  liKarbunluJ  Hyilnigr'i. 

1 12(3.  In  ordtr  to  analyie  this  tnitture,  wben  llie  bictkrhorcttcd  b^droitca  ia  in 
fnaU  quantity,  it  ia  EUlScioDt  ta  tttix  it  with  a  Lnrg*  moms  of  oxyi^n,  ciplodoit, 
ud  Moartiun  the  volume  of  gas  whiult  ha*  disappeared,  and  that  of  the  earboale 
uld  absorbed  by  l9io  pntassn.  The  only  precauiic-n  neoeeeary  la  to  add  eaaa^ 
oiygcn  lo  ennble  the  liut  gaseont  reatdue  to  be  mtaaured.     Then  tb«n  rvmlta 


Efli,    wheniw    ic-c=>!L, 


ZiD^n, 


=  B    ("  —  ••)■ 


i 


iMir  I 

I 


ithe   ■ 


If  the  blcarburtttoil  hydrogen  ciist  in  lorce  quantlUnL  it  ii  bctier  to  effect 
wmboadoii  al  two  periods,  ami  in  ntmnEphfrio  nir.  In  Uiia  caeci.  a  ocrUin  ovu* 
Utr  of  tiUiioeplierla  air  ie  first  isicaeurcd,  to  which  the  gat  to  be  ma»\jtvL  t^ 
rolutae  of  which  it  caaolly  dvtermined,  and  then  a  i^uantity  of  eiygeo,  u  added, 
10  that,  with  tbeoiygeneonlalaed  In  the  air,  there  »hal]  not  be  enough  of  that  gas 
to  eOuot  eemplete  cvmhuaiiua.  The  eleoirie  spark  being  paaeed.  an  eieees  of 
OLyg<^u  ia  added,  witli  a  aniall  quantity  i>f  gaa  from  the  batter)'.  If  thile  bedoened 
uncrul.  luid  the  miiiurc  ia  expluilcd  %  iii-ootid  liiuc.  The  oDnlyiii  may  be  rerified 
by  d'Tirrniniiis  the  quantity  of  (iiyKcii  nhich  rnmainii  in  the  eudiometer  after  tlic 
eombuation:  after  which  llio  whole  qu«ntlty  y  of  ozygca  coiuatBcd  ie  knowoi 
furaifhing  the  equation: 

A  veriStailonii  alwayi  Qieftil,  and  beoonei  indiapenaable  when  itia  not  certain 
that  thegaaeau*  mixture  ii  cempoied  only  of  hydrogen  and  biearbuT«ttad  bydro(*a. 
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1 1298.  TUa  knftl^ns  la  mmda  Uka  ths  prMMHi^,  ■ad  irith  duilar  pnuntitnu. 
Xk*  nUtiona  pring  tiia  proportion  of  the  two  gUM  an    . 

^  +  2w^m,    whenoa    Ca(2(i« — ai), 

If  «  raprosent  the  Tolnme  of  ojjgea  conaamed,  the  foDowing  reUttons  ftgua 
•xiat: 

>+»— T,     i.-f8v;_«,    whenee    V+a^a^-fH. 
JRxIwv  of  Pnlocarbwtatd  and  JBiearimrMid  BfdngtH, 

1 1264.  The  ma^jaiB  will  be  oondnoted  u  in  the  preeeding  euea ;  and  the  flil- 
loiring  eqiutiona  will  be  foond : 

2c'-(-2wiH«i,    iriienoe    tt>B2(«'<~M), 
to  wfaleb  the  other  reUtiooa  miut  be  added,  from  wUob  ue  dedueed  the  Terifloa- 


2v+8wBa, 
vUeh  egelngiTe  T+b«w+«. 

Uixhrt  of  Bydn^H,  Pntocarburmtd  attd  Bitarhimud  Bi/dngtn. 
1 1266.  The  ualTria  ia  conducted  M  in  the  preoeding  oue  i  bnt  it  now  beeomee 
nnnrwearj  to  determine  the  volnme  a  of  oxygen  oounmed  in  the  eomboatlon, 
wUA  fitmiahee 

j+2D+2>»m,     whence    iE>2(m-(-2i>— 2a), 

v+2vbii,  vmmSa — 7fi— 2«, 

y+ 2c +  «■=«,  wmmm  +  4m~aa. 

There  remuna  onl;  one  Terifloation  pren  bj  the  relatiMi 

>at  whieh  ia  redneed  to  the  eqnation 

T+aBm+n. 

JGzfMK  o/'  Oxygen,  AtttocoriMrcUerf  ottd  BicarhmtUd  Hydngi». 
1 1266.  The  analjaie  ia  eondneted  aa  in  the  preeeding  eaaea ;  and  the  following 
■qvationa  reault : 

2v-|-2w3im,     whence    viaat — Hi 
P  +  2W--,  •-^l?, 

<4  Teriflcation  ia  obtuned  bj  determining  the  qnanti^  a  of  oxjgen  added,  whieh 
^«  been  used  in  oombnetion ;  which  will  give  the  relation 

">  illiia  to  the  equation 

MuiMTt  of  Nilroftn,  PnlocarburttUd  amd  BiearbunOtd  BfdngtK. 
%  13CT.  The  analTria  will  be  conducted  aa  in  the  preeetUngoaeee;  andweehaH 
i.-v«  the  reUtiona 
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«-f(t+w=V.  i.=V— J. 

wlUi  a  TerifioUongiTCnbj  the  r«laUoD 

irhiob  U  agtun  reducod  to 

T+ii=m4-m. 

JUiidm  a/  Kuogtn,  Oxiis,tn,  Pmoturl/ittilleJ  and  BuaHntrttlrJ  Byirogrm, 

i  1246.  Thn  uulyiU  U  randQ  in  the  tame  <it»;,  taluDg  oan  to  ilsMrmliie,  al  th* 
oleae  of  Ui«  eipcriuKut,  Uit  portigD  a  «f  oxygen  bdiled,  xhict  bae  dlasppeuad  b  _ 
combnstione ;  and  the  rtluUoaa  an  aj  follow* : 

Jn-t-2ur^n,     nhcnoe     r^a  — «, 


2p-4-3ii'     y^(h 


y  =i"  +  n  — a, 
Ms  V+ O  — )"  —  )•■ 


EuUiometrio  uualjits  Turuishen  a<i  Tvri&BalioD ;    bat  the  qoMttl^  y  (DBy 
direct];  deterniiiMd  bjr  abaorptjuii. 


SSixlUTt  ef  Oiygnt,  Hgdrogta,  FrMocaiburtiirit  unit  BtcurlmitHtd  Hydiogtn. 

i  I'iG^.  The  anal.Tsis  is  agaio  conducted  as  in  ttic  pTvcediog  cftMS,  and  Uu  Ttitf  ' 

tJoiia  are  the  ToIIdwUic  : 


Ttieae  four  P'|nallnn8  ut*  not  sufficicat  to  delertainc  UlO  fonr  uultDovn  qiuDti- 
tie* ;  and  in  fuel  it  is  eaidjr  «eon  that  one  cf  thitn  ia  a  «Mii»qi>tnoe  of  the  oOiM 
itiree.  on  account  □!'  il  ]iaculiar  rolalion  inlroduced  hy  tba  data  of  tJbia  prabbo 
iiy  adding  to^vtliBr  111.  and  IV.  tliiire  reBiills 


f+8a+i«^. 


.V+.. 


wKloK  fcccomca)  on  account  nf  II-, 


^+2i.  +  2»= 


iV+  a^ — b! 


giTingrias,  in  omuciinnimof  tha  obtmioal  composition  of  tbe  mixed  gwtc,  Ulbi 

^  V4-  a  —  n=ni.     or.     v+  ii=sm  +  n, 

TibiDti  inoltidca  ibc  equntlvn  I.  in  the  otlivr  ihrce- 

In  nnlcir  to  aolvo  the  i|ii«jitiDn,  the  <{ii&ulit7  ,v  of  oij'^d  matt  be  datannincJ 
dirccilj  l>?  alisorptiuu.  aflcr  vbicb  wo  lure  foe  Uia  detormination  of  Uta  Un* 
oilier  unkuowD  iiuaniiliea. 


i.-f2w=». 
|+2t>  +  8w=«  +  y. 


m,     wh«n«e    »«2("  +  2it— 2fl— 2y), 
D=fta4-6y — Ti  —  2in, 
u'B3m  +  4H  —  8a — Sy. 


-i 


Miilurt  of  Qtfgm,  Ozidt  ij  CarfKni,  Prolotartmnlltd  and  Bitart-urtUid  Hfdn§m. 

41370.  Th«  anaiysia  is  oonduotod  as  la  tb«  preeading  caaoa,  and  tion  it  an 
uctd  tlie  nintiona, 


IKTBODDCTIOlf. 
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wMcb  four  equations  nre  not  sufficient  to  (Irtermiiie  the  nnlcnoim  qusntltiea. 

The  qoAotilj  f  i>f  oajguk  muat  be  dGtermincd  dirsctljr  bj  kbHrptiODi  viUGb 
farauhM  itto  M|afttion« 

w=(i  +  y  — «, 


J&Am  t/  Ojygm,  Kfrogm,  OiiiU  of  Carhan,  Pntoratlmnttii  and  Birartninllul 

1 1271.  The  knatftiQ  operations  hnving  b«en  eondiiot»d  ts  In  tli«  precBdiiig 
OMK,  and  tbe  oijgen  y^4  hafing  been  determined  b^  ab-iorptlon,  &iitl  luall;',  Iba 
•hot«  qtiaitilty  If'  of  oivgen  ooniiiiueil  in  camliuttiou  bavijig  bMa  cquitUj  nacor- 
tvne<],  tbe  foUoitrag  roIatiuoB  are  valabliithai : 

-^+2p+2r=m,     irheiiot    y=a4. 


f  +  i.+2w=a. 


j="(r.  +  2»_2tf}. 


Kndloaivlric  »ii«ljaifl  fumislies  do  vcriBcntioa. 


Mitfut*  o/  (hrygrn.  Hi/dregm,  Oridi  tf  CoriMi.  Pntatarbvtttltd  and  Bkarfmrtttrd 

Hylngtn. 

{ 1272.  The  anniyaii  hftring  boeo  mnde  ai  in  the  preeciling  oiL>e>.  iha  oiypra 
y^6  liariiifi  bBi'o  (ii'terininnJ  bif  n.l.B"rl>cint  rengvnl*,  ami  Imlly  Oiti  wlinlo  rjunn- 
*i^  it  ot  oijstu  connuitied  haiitig  lipi>n  equally  del«nnined,  wetiaTi  tJt« ralatlona 

/+|p  +  2w=p. 
\+l  +  2v  +  S»,=^. 

'*Hlch  four  e()Unti«D)i  are  not  sntTiGient  lo  <]ptemiine  the  four  anknown  quanti- 
U««  1, 1,  V,  aai  V,  becaiu«  lh«  caiiaUint  quaulitloa  arc  oooneoteil  logelber  bj  tbe 

-.+  —(7-*)+.', 

HnUm^cc*  tUo  faur  eqtmliotm  lo  Iho  fmirrpAlIy  iliglinot  ones.     A  aew  nlatian 
PWIMR  ihd  unknawn  qqaatiticd  miiMt  ther«f>arc  be  sought  eIt>^rlInMltal)Jr :  imd 

^  Nn  M  ahcatnnd  hj  delenniniug  einetly  lbs  KpeaiGfl  gririty  U  of  the  nUatUM. 

^r Iteij^tilnp  bj  if,,  i/^  if„  iC  tC-  tha  rfupBOllvn  dnnniiii-*  of  hj^drogen,  oxygen, 

^»  of  carbon,  pratocarbu retted  and  bicarburetted  hydrogen,  there  r*»alts  th« 

Ntfbn 
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which  new  cqaBUon,  mdded  lo  the  fini  tonr,  reiulen  the  problem  ofyttraKaSj 
deunnlnale. 

AglmLiiuiinUlyof  ihc  Kn.^Poii.imixtureinajaliiiiliR  bDrncil  with  ouilt  Otmppt, 
kiiil  tbe  VBlcr  fcrined  imi/^hd  hj  Bfinx  lb«  npparatiu  dgacrlbvil  In  (  12H,  If  ■ 
b«  the  woiii''t  of  lliv  vaUr  oLIaiuci,  W  tli4  vuluma  of  gaa  funatd  bj  Uic  oitda  H 
eopjtcr.  (  nnd  It  iu  t*mpcrftttir«  aod  pr««aure  ol  tlia  noaetit  cf  boitig  ira^M^ 
lh«ii  will  Uie  vvigbt  «f  ui«  ru  burnad  b« 


,gaai 
W.O.0O12!'3.D., 


I 


uil  the  ratio  of  Ih*  irelght  ot  wat«r  formed  t«  the  wMght  of  km  bsraad  will  U 
P 

W. 0.001293. P.j^j^Sjgn-^ 

On  the  other  haml,  let  V  li«  the  cuntttatit  vnluiuc  to  which  th«  gaa  hbi  beaa  r«- 
doced  by  *udionietrio»nB)yBta.e  tha  n^imtly  con«i»n<  lempfirMvirc  of  ihn  wattrlii 
the  cylinder,  tbc  dutic  fotee  of  the  onginii  gaa  being  V,  wp  ha^p.  for  the  w«(tii 
of  Uw  gu, 

U .  O.0O12fl3 .  D .  i^ouMoffrU  ■  loi* 

If  V  doidaaate  the  wttjghi  of  wntor  yieMod  ty  the  pta  «h«n  «nsplel«l]r  Inrarf 
we  tbould  han,  for  the  ratio  b«itweon  tliin  wcighl  au<l  [hat  of  the  gas. 


0. 0.001298. D.ppOTT^-iSi 


whaoco  the  aqaation. 


Tf.O.OQma.D.i^,^.,-^ 


U.Q.0O12g3.D.,^JaK.<i-^ 


«T  Blmptj, 


W.- 


l-l-OjiwacT.i 


_.H       0. 


l+iuvva«l.S 


vb»Me 


"'■w'n-o.Daa«r.8'«' 


Nmr  the  weight  of  Uta  w&ter  is  equally  espreued  hf 


t.Q.0C12&3.0.6ffit-^^p^,t- 


— ssr~ 


glring  riae  to 


^l  +  o  +  w. 


ir.TOI)(t+M«g.B. 

'    u.aJooiaa.Ojait  * 


rliioh  new  relation  may  bo  introduced  into  the  c«lcalatioa. 


Miztari  ^  Otys*^  Ifitrogrn,  Its^roym,  Orutt  »/  Carbon.  Pnlo  aid  AkortiinlMl 

Hj/ilrosren. 

)127S,  Thii  la  the  moat  eamplax  milium  which  will  fall  undar  oar 
It*  eodiomnlri«  nnnlf lin  will  he  oondtrntod  at  In  the  pi*««adin|t  caaM  :  aflwr  hatiif 
determinpii  dirrctlj  iho  qTianiitjr  vrsb  <it  oxygea  \>y  abaorptloB,  aad  bamril  > 
ceortala  quantity  of  ^ds  ^y  oilile  of  copper  to  aac«rtaln  lu  welckt  of  «utn 
fermed.  the  cnrliviiic  nciJ  rurmed  duriiiK  ihii  conil)U>ti<jii  ma;  alao  be«eU«cifi 
and  detennincd,  whi«h  furaishca  ao  new  lelatioD,  but  only  a  Terifl«atieB  of  tb* 


nmtoDccTroir. 


ivuititj  of  cArbonic  ftcid  n  found  in  Uie  euilioinetHo  uikIjsIs> 
U)«  foUowiAg : 

»+,+  M+0-f  «=,V— «, 


Tbo  nUtiou  >n 


3m    I  I  ii..nO 


.OjWIJM.O.'KU  ^ 

» iriueh  mt;  be  mddcd,  if  iha  ileositj  D  of  tli«  gueou«  inixtiirs  tiat  bMO  daUr- 
atnod,  the  rtUUoa 

T^  +  H  +  wt +  •<  +  «"'.+ <«t«»D. 

TIio  problem  i«  thtti  alstfimitalltj  (le;ermin«d-  If  nacli  of  the  nninwriflkl  drter- 
ailwtiolix  Ktre  mado  irilh  vtalkrmaikai  prreuian,  tho  tkIom  of  the  unkaoirn  quBir- 
ail«s,  rciJuGetl  by  calculation,  wual4  bo  i:rit!ls/  nrrtci.  Itul,  l>uiri!Tir  c&rcfullj 
Ihe  D])crBtifD  muj  bu  cvniluc  tcJ,  each  of  tiiCiiD  ciutcnuicatLunB  is  li&blo  lo  alight 
trror.  Kow,  it  is  vaBr  (o  be  oerluin  tliut  \ij  vsrjring,  bj  a  mj  sm&II  quiLiititjr, 
neb  of  the  esperlniciiUil  <lntA,  A,  n,  n,  a',  V,  A^  and  U.  the  rklue  of  tho  unknewiL 
MSBtttic*  vary  o/im  by  mnch  lurger  ciuitntiUai :  und,  hy  mark-ing  evrtain  hypo* 
JDMei,  frtftrly  uUeitd,  on  Uifl  cnrnponiiion  ot  tbo  guroouii  mlxtare,  it  will  be  Mm 
that  bj  amyiBg  to  the  formulm  nuTnertcI  dat*  irhicti  differ  tery  aUglitljr,  the 
itlTT't'lr*  cvmpoaltioD  of  the  jctistous  silitDre  rooKu  uflen  bctveeti  «erj  eiiended 
Uallo.  TUs  obaerralioa  is  piLrdculHTlj  aEiplioubtc  lu  Llm  rcUliua  nlfonlcd  by 
the  density  of  the  gucoiu  mutture,  becaiue  tlic  loiter  is  composed  of  Ktses  ot 
irhicb  tho  indinduitl  doniittee,  la  general, difln"  but  ilightly*  Thit  telttioa  muet 
Iherefere  b«  oaott  with  gteat  cautiav. 

We  have  mi]iiio««d,  in  the  [^receding  obaerrattaiu,  that  the  natnre  of  the  ete- 
nentary  gases  c>ompo9iDg  tho  miituro  mu  known;  hut  thu  quentiuD  beflomet 
math  more  difficult  when  thia  in  nut  the  cmo.  and  can.  moat  fnifiuenlly.  only  he 
uuwcred  by  atiulyiia,  wbiob  must  be  most  cnrefully  condu'Ctcd.  and  rrpoatcd 
lateral  tiaci  -  and  iho  opcrnior  mutt  antiafy  hinrclf  that  the  relattona  which  fre- 
qacslly  ciiii  tieiw«cn  tho  cipciiiQcntal  data,  and  which  wa  have  siTan  In  eaok 
MM,  aic  falAlIed.  If  the  oxperiuieatnl  JiLta  wera  mathomaliculy  exact,  the 
Torwiulw  auitabl*  lo  (li«  niuit  compile iitad  roistiiTe  might  be  applleil  to  them  at 
Mee,  and  the  calculation  would  giT«  no  taluea  for  the  f;aaeB  whioh  da  nM 
txlsl  in  the  mixture,  lta^  tui  thcue  dum  are  liable  to  trifling  errorc,  etnall  Tmliiea 
Tor  tiio  gaiea  whivh  dunoieiiit  will  gonnralty  be  found,  which  ralnoa  tfceeMTVtar 
Dual  lb«n  Rt.imiait  with  Kfital  care,  and  particularly  the  «>iDattoiie  wbicn  eflcn 
euil  between  ihn  niiimrrical  dntn,  in  nrder  to  ascertain  If  tbete  cquadona  would 
not  be  rif oroualy  fulflUod  by  the  osporiuiental  datA,  by  altering  ibe  latlcr  I>y  qoau' 
liliaa  tqoal  to  the  extent  of  crre'T  to  which  ench  una  ia  UaUc  Koao  of  the  me- 
Iboda  of  analyais  by  abaarption  indicaleil  ({  I"-I-l)  ahonld  be  nvgleeted  while 
naavl&lDg  the  orrora  which  ea^ih  nay  have  producfd  on  ttic  gmcani  resldtie,  by 
the  aolvent  aeliou  wLiciL  the  ritugents  niert  on  the  gas  campaung  thia  rtvidue. 
Lactly,  if  the  analyat  is  prottilird  wilb  lust  qoantitiDK  or  gas,  be  may.  by  sub- 
JMtiiig  tbetu  to  auitably  Hfleeted  chrmlwl  reoctlana,  obtain  aome  light  an  the 
uinre  «^  Iht  component  guact-." 


*  The  method  for  analyiing  eomplicalad  gaaeona  mixture*  ii  due  to  Boaaen, 
|]w  lint  cnpleyed  them  In  li^  maaierly  iBTesUgatim  of  ifce  gaiea  imbIiv  ft«m 
itamaecs,— W.  L.  F. 
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ESSEKIUL  IMMEDIATE  PRINCIPLES  OF  PLAHT8. 

§1274.    A  microscopic  examin&tion  of  the  Tarioos  componc 
part!*  of  plnnte  lihoviB  them  nil  to  bo  constitiitetl  of  cellular  t>H1l^1 
varying  in  form  according  to  the  part  of  the  vegetable  eubji>cted  tfti 
inspecuon.     The  cavities  of  the  tinsuo  nre  filled  with  very  diTcrsif 
matter ;  eoinetiines,  as  in  the  case  of  wood,  the  pnrietea  of  the  i 
are  covered  l»y  a  hard  and  brittle  substance,  willed  ligninf,  or  i 
jE£rf,  vrhich  fre(|uently  almost  completely  fills  their  interaciccd: 
vhile  Et  other  timeH,  as  in  the  grains  of  the  cerealia,  potatoes,  ull 
DtheT  tubers,  the  cells  contain  a  quantity  of  small  ovotdal  globaltl^^ 
Tftrjisg  in  sixe,  constitnting  fecula,  or  ttarch ;  and  lastly,  hi ' 
case  of  the  young  organa  of  plants,  the  cells  contain  only  a 
or  less  vLtcous  flnid.  holding  in  itoliitinn  mineral  salts  and  variofl] 
organic  Bubstances,  the  principal  of  which  are  gums,  gelatinous  mb- 
Ktuticcs,  and  certain  nitrogenous  comhination.t,  designated  by  tto 
general  name  of  albuminoua  tubaUtnce^.     Oils  or  fut  substanoM  an 
frequently  found  in  the  cells,  as  in  the  oleaginous  graina,  sonw* 
times  in  lurge  quuntitieg. 

Wo  shall  begin  by  the  study  of  these  Yaiioos  8ub8tAnoes>  irbich 
are  found  in  all  members  of  tha  vegetable  world,  and  vbich  irt 
es9CDti&l  to  the  cxiatcnee  of  plunts. 

CELHn.AR  TISSUE.  OK  CELLULOSE.  C«H„0.. 

$  1275.  1\io  cellular  tiseuo  is  particularly  evident  in  the  jodi^ 
organs  of  vcgotablcsi.     Ihu  cell  ia  formed  in  the  liqm<U  vhicb  cir- 
culate through  the  plant,  and 
grows  by  sueccaisivo  agg1utiii»- 
tton  with  iho  cells   prerioiislv 
formed,  vliich  occiuions  o  modh 
ficattou  in  the  original   fonos 
of  the  cells.     Bomctimes  ihcy 
are  rounded,  and  show  a  cer- 
tain Tcgulority,  as  in  the  pith  of 
the  elder,  (fig.  G4[),]  and  in  the 
potato,  in  which  case  thoy  con- 
stitute the  cellular  (uiim  pro* 
perly  to  eatted.    At  other  tunes 
the  cells  form  elongated  tubuli, 
communicating  by   their    con- 
tracted extrcuiitiea,  as  seen  ia 
fig.  tj-IO,  which  reprenents  U» 
Icn^tudinal  section  of  a.  stalk  of  asparagus,  of  which  a  transverse 
section  is  soea  in  Jig.  651 ;  and  in  ftgii.  652  and  653,  which  exhibit 


Fig.  fH9. 


\ 
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a  fibre  of  flax  or  hemp,  and  (fig.  652)  a  fibre  of  cot- 
ton :  the  tissue  is  then  called  a  vatcular  titgav.  Ae  the  vegetable 
IBni  f  'I  1  Li  portions  grow  oIi'.  on  the  living  plant,  th« 
-1  .",•..  "^  vascular  Tesacls  are  filled  with  woody  fibre, 
.1",  ;. ';  ■'  [J  which  increnaes  gradually  in  thickness,  and 
leaves  only  very  narrow  "cnnala  for  the  cir- 
culation of  the  sap. 
The  whole  of  this 
mechiiiusm  consti- 
tutes teeod. 

Among  all  the 
snhstnncoa  entering 
into  the  composi- 
tion of  plants,  the 
ceiluIartiSBue  is  dia- 
^'  tingninheil    by    its 

great  resistanec  to  chemical  agents — a  resistance  which  allows  ita 
seporMMii  ia  a  stuto  of  purity  sufficiently  perfect  to  permit  the 

study  of  ils  chemical  proper- 
ties, and  to  a»certaln  itn  ele- 
mentary composition.  It  has 
thus  been  found  to  he  identi- 
cal, in  this  re»pfrty  not  only 
in  ail  pnrtfl  of  the  samo  plant) 
but  also  in  all  diflVrent  vege- 
tables. Chemists  have  given 
the  name  of  eplluhte  to  that 
constant  siibHlance  which 


F>E.  ew. 


lliey  re^Hrd  as  forming 
the  cellular  tissuo  of  all 
plants. 

Cellulotic  ia  nearly 
pare  in  cotton,  in  which  case  it  consists  of  the  down  of  the  cotton* 
seed;  and  in  hemp  and  Hax,  that  is  in  the  textile  fibre!>  extracted 
frnm  the  plants  of  these  iiamtrs.  Cellulose  is  also  nearly  pure  in 
pBpf>r  and  old  linen,  which  are  made  of  the  substances  juac  toon- 
iioned,  and  which,  during  their  prcpartioii  and  nse,  have  been  snb- 
jacted  to  various  chemical  rcuctioos,  whii'h  have  gradually  effected 
tbe  eotirc  destruction  of  the  more  changeable  foretga  eubatauccs, 
mixed  with  the  cellular  tissue  properly  ho  called. 

Cellulose  ia  extracted  from  various  parts  of  plants  by  subjecting 
them  to  SHCce-ssive  chemical  reactions  which  destroy  the  more  altera- 
ble woody  fibre,  the  preparation  being  longer  and  more  difficult  in 
proportion  to  the  (|URntity  of  woody  fibre.  The  substance,  when 
obtained  in  as  disaggregated  a  form  as  possible,  is  digested  with 
hot  solutions  of  caustic  potassa  or  soda,  and,  after  washing  the 
residue,  is  treated  with  weak  chlorohydric  acid,  and  washed  vitK 
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water.  By  a  repetition  of  this  prccc«s  for  &  cortoiik  uun^r  4f 
tiroes,  the  woody  fibre  may  K"  (;«iu pk-tcly  rt-moved ;  nllboogh  tlrc 
same  result  maj  be  obtained  more  qiiiokiy  \<y  Bubjocting  the  sub- 
stance to  more  poverfiil  oxiiliKing  rcsj^ciits,  :<ucU  &a  a  wi^ak  Holuiitin 
of  chlorine  or  lypoehlorite  of  lime,  and  following  oach  of  these 
treatmentfl  with  an  alkaline  solutlvii  and  dilute  cmorobydric  iiciil. 
Although  ttif£(>  variuim  reagonts  attack  Ilie  cellular  tiKsao  iuelf/ 
tlio  action  on  it  in  much  Ictu  active  tliaa  on  tlic  eukjitancct)  aurrouad- 
iag  it ;  tui  tbut  if  tli<<  opurucioQ  bo  car^tfuHy  contlncted,  and  reagents 
diluted  with  water  be  alone  used,  the  gi-outer  portion  of  tbo  cellu- 
lose escapet)  di'struction.  It  is  washed  »acce»siTe)y  with  alcohol 
and  ether  to  dieeolve  the  fatty  matter. 

Pure  cellulose,  wliict  is  white  and  transpaTent,  is  insoluble  in 
mtor,  alcohol,  ether,  and  the  fixed  or  volatile  oils.  Dilute  acid 
solutions  have  but  little  effect  njion  it.  ctch  at  the  boiling  point,  whidi 
is  alw)  tnio  of  eufficicntly  diluted  alkaline  Holntionii.  The  resistaoM 
which  cellulose  pre»eDt»  to  these  rcAgents  varit?8  with  its  cohesion; 
recently  formed  cclluloao  being  much  more  easily  changed  than  tliat 
of  older  (late.  Couceutrated  sulphuric  and  phosphoric  add  attack 
cetlutoae,  and  csuso  it  to  undergo  a  remarkable  metamorphosis :  oi^r 
convei-ting  it  into  a  soluble  subatance,  called  dtstrine,  they  dianj^e 
it  to  a  Hugary  Kiilistnnce,  or  fflucote.  Fuming  nitric  add  oombines, 
when  cold,  with  cellulose,  and  converts  it  into  nn  insoluble  sub- 
stance,  eminently  combustible  and  exploitive,  and  which  will  be  de> 
scribed  hereattcr.  At  the  boUing  point,  nitric  acid  (LssoItm  it,  and 
oislic  acid  in  formed.  Acetic  acid,  even  in  a  concentrated  state, 
lias  no  action  on  cellulose. 

Cellulose,  as  it  exists  in  tho  untouched  cellular  tigsno  of  plants, 
is  not  coloured  by  an  aqueouR  solution  of  iodine;  but  when  it  his 
commenced  to  be  (liAngeregsted  by  eidphuric  acid,  it  a»»ume-K  a  he*a- 
tiful  blue  colour;  wluch  reaction  is  frc<|nentlT  used  in  the  Kludy  of 
vegetables  under  the  mlcroHcope,  because  it  nistinguijthcs  the  cella- 
lar  tissue  from  certain  nitrogenous  meutbrunes,  which  do  not  pooeas 
this  property. 

After  some  time,  a  solution  of  chlorine,  or  a  hypoclilorite,  com- 
pletely burns  cellulose,  formlag  water  and  carbonic  acid;  which 
combustion  is  rapid  in  a  couccntratcd  and  hut  Njluticiu  of  hypochlorite. 

The  elemolary  composition  of  cellulose  is, 

Carbon 44.44 

Hydrogen 6.18 

Ojtygcn 49.58 

100.00 

Tho  formula  C„H,oO,o  is  generally  asaigned  to  it;  but  as  ther« 
are  no  means  of  uetei-niining  its  chemical  cqulvnleul,  the  formula 
representing  its  molecular  oomposition  may  b«  a  multiple  of  th« 
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It  will  be  rem&rlcod  Uiat  hydrogen  and  ox^^gcii  oziflt  i&  tt 
in  the  proportions  constituting  water. 

H  UOKIN, 

y.  }  1276.  It  has  been  mentioned  tbat  tlie  iiidcs  of  the  cells  beeomo 
^geMnllj  iocruBted  witb  a  Bubatancc;  formed  at  the  expense  of  the 
'crguic  substances  dissolved   in  the  aap;    which  constitution   of 

[_^^  ^t^  ligneous  matter  is  very  well  exhibited 

^^<J0|mWB^1^        '"  ^^-  ^^1  reprcHcnling  n  tmnsveree 
jJR^tfji'pjjMR^n^      section  of  a  piece  of  oak-wood,  aa  seen 
mMSsm^'mflw      ^^^^"t^^  ^^'^  microitoopc.     The  btack 
^SSjtwwtlJB'KwL   ^P*^*^^^  ^^^  ^^^  canals  which  still  re- 
JKS«jt#j^»'^MaJ^  "'"'I   in   the  cells;    some  of  which 
-ftKtifJBMEBJaMljEliM  t'onacr,  ta  a,  are  larger,  and  appear 
Q^B&iulflViRki  ^^  ^'^  principally  UHed  for  the  circular 

_  ■■■JM^SHntsHpSf  "'^'*  '^^  ^^'^  ^^P'     ^  ^^^  ^^'^  grows 

■  wpCK^^^HSnRSS  by  annual  concentric  layers,  easily 

■  wwfMv^^^mM^wS^  count4!d  iu  old  trees,  the  centre  layers 
H  *^kKimSsl^^S^Sw  "'^  ol'lcr  than  the  external  ones,  and 
H  l^i^Smiiij^'RRr  ibuir  ce\h  are  aUo  much  more  ioomst- 
K  ^SBffJEJSlm^  ^^  ^^'^'^  ligneous  matter  than  the  latt«r. 
B  ^VaVW^V^'  ^^^  central  layers  of  the  trunk  of  a 
^B  Sis.  &&4  ^''^^'  constituting  the  hearty  are  tber«* 
^L  fore  firmi>r  and  hanler  than  the  oator 
^HjerSi  forming  the  tap-wood;   and  they  are  also  less  subject  to 

duoge,  becaiuie  they  contain  less  sap  and  albuminous  matter,  which 
are  the  principal  causes  of  the  changes  and  rotting  of  wood. 

Although  pure  ligneous  matter  i.i  Hometimos  deposited  in  the  cells, 
rMinooa  eubatanoes,  which  colour  the  wood  and  increase  its  combus- 
tibility, are  generally  precipitAted  at  the  aamo  time ;  while  pellicles 
«f  nitrogenous  matter  are  also  formed. 

No  way  of  isolating  the  llgncouK  matter  in  a  state  of  purity  being 
known,  it  has  hitherto  remained  undecided  whether  the  chemiciu 
txtmpodtion  of  this  substance  is  always  identical;  but  sen^ihlo  dif- 
fcrenooa,  which  are  observable  in  chemical  reactions  on  the  ligneous 
matter  of  various  parts  of  vegetables,  may  possibly  be  produced  by 
greater  or  less  nggregation  of  the  subHtance.  Sawdust,  suocecwirely 
subjected  to  the  action  of  water,  alcohol,  and  ether,  presents  a  mix- 
ture of  cellulose,  limine,  a  small  quantity  of  nitrogenous  matter, 
and  serer&l  insoluble  mineral  salts ;  and  by  analyaia  it  is  found  to 
contain  more  carbon  and  hydrogen  than  pure  cellulose:  thus,  lig- 
nine  oootains  more  carbon  than  cellulose,  and  hydrogen  exists  in  it 
in  a  proportion  larger  than  that  which  would  form  water  with 
oxygen.  The  followina  tables  exhibit  the  elementary  compoBition 
of  acvcml  kinds  of  wootL  previously  dried  in  vacuo  at  a  temporaturo 
-212«: 

S>2  SB 


450 


FROSIHATE  PBIXCIPLES  OP  PLASTS. 


Wood  fnm  the  Trunk  qf  tht  Trte. 

BMk.  IM.  Hnh.  At 


Wniaw. 


Carbon 49.46 49.68 60.29 49.26 49.i 


Hydrogen....     5.96 5.78 

Oxygen 42.86 41.88 

KitrogcQ 1.22 1.23 

Afthcs 1.00 2.03 


6.28 

4L02 

1.43 

1.08 


6.18 

41.74 

0.96 

1.86 


6.07 

89.88 

0.95 


100.00 100.00 100.00 100.00 100.00 

Wood  from  tke  Branehe$. 


Bbh»u  Otk. 

Carhon 50.87 60.08 

Hyilroj^en....     G.21 6.14 

Oxygen 41.14 41.38 

Nitrogen 0.78 0.95 

...     1.50 1.45 


URfa.                JUfOT.  WBb* 

51.29 49.50 51.89 

6.17 6.20 6.1S 

40.41 40.23 88.46 

0.87 1.00 1.41 

1.2S 2.98 4.5T 


Ashes.  

100.00 100.00 .100.00 100.00 100.00 

&1277.  Wood  is  decomposed  after  5omo  dme,  irhen  nobjectcd  to 
ttid  ^multaneotu  influence  of  air  uml  niuistare,  by  the  influence  of 
a  species  oF  fonncntHtion  otv-ing  ti>  the  prrsence  of  nitrogenous  alba- 
minuus  substunccs,  nnd  c&rboiiic  acid  is  diiiengagf^d,  wbilo  tlie  wood  < 
is  convcrtc<l  into  a  brown  or  blnck  cubfitnticcr,  called  humu*,  or  otouidi, 
an  alteration  which  ia  the  more  rapid  wbeti  tlie  wood  is  of  rec«nt 
formation,  because  itB  canals,  being  Ices  incrusted  with  woody  fibre^l 
contain  more  sap,  aiid,  cunsequeiitly,  more  albominoua  nitroiu  imt 
ter,  wluch  is  tho  principal  cause  uf  tbc  change.     Thi^s  eubatuice^-j 
by  its  alterntiou,  givt*.*  rise  to  true  ferment"!,  and  serves  lut  food  fu: 
various  insects  wbich  lodge  in  llic  wowi  an*!  ultimately  destroy  it 
If  this  be  the  cause  of  the  rotting  of  wood,  it  might  readily  bo  pre 
T«Dted,  if,  by  certain  chemical  agents,  the  alteration  of  the  nitr 
genouB  matter  could  be  prevented,  tlniw  rendering  it  unfit  for 
food  of  animals.    All  poisotioue  gub^ljincca  which  prevent  the  puir 
faction  of  animal  nmttt-r  produce  this  effect;  but  the  ilifficulty  con 
siiitt!!  in  makiug  it  penetralo  all  the  vessels  atid  cells  of  tho  wood.! 
Thia  ci^ncntion  hua  attracted  a  good  deal  of  attention  in  lattu*  yMI%t 
and  eeveral  proct>swn  have  been  invented  for  its  econotnicul  del 
minution  on  a  Urgo  scale. 

The  liquid  cootaiuing  the  antiseptic  substance  has  b«ea  mtda 
penetrate  the  smallott  vessels  of  the  wood,  by  immc-rsing  0M< 
of  the  trunk  of  a  ireo,  of  2  to  4  metres  in  leugth,  in  a  tub  contain*  | 
ing  the  solution,  while  to  the  other  end  is  fitted  a  cost-iron  vcmoI,' 
in  wliich  a  raciium  is  produced  by  the  combustion  of  tow  soaked  ia  i 
alcohol.  Jiy  repeating  this  operation  2  or  3  times,  the  liquid  ill 
forced  by  the  pressure  of  the  atmosplicro  to  traverse  the  whol«j 
length  of  the  tronk. 
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Advantage  m&j  also  be  taken  of  the  vita.1  circulation  to  aume 
the  MiriMptic  flwi'i  to  pctictrato  Itccb  Trhcu  stan-iiijg  or  when  re- 
ceiilljr  fotlcJ.  When  tlio  troe  is  atandin^.  it  Is  Bufiicient  to  n»ke  at 
it^  foot  two  inciaions,  popantwl  by  nn  intcrviil  of  a  few  eentime- 
tn-s,  and  wrap  around  it  a  bandage  of  wal«r-tight  slufT,  vrhich  rc> 
ccivea  from  a  tab  the  titjuid  to  be  imbibed  by  the  tree.  The  gap- 
wood,  of  which  the  canals  arc  very  open,  m  aoon  injected  with  the 
1ii|ui(l,  which,  however,  penetrates  with  more  dillicnUy  into  the 
heart  and  the  parts  thickly  incmsted  with  ligninc.  When  the 
limiid  is  colonred,  this  irregular  impregnation  is  mnni^sted  by  tbo 
dinercnces  of  shade  and  by  veins,  which  often  girca  to  the  hoards 
an  appearance  rnndfred  very  beautiful  by  polishing. 

liaetly,  a  process  called  ditptaratxcnt  is  p'Ometimes  used  suoooeS' 
folly,  wtiich  consists  in  placing  the  recently  felled  tree  in  a  hort> 
Kontal  position  andsurroundingthc  trunk  near  ittt  huttw*ith  a  water- 
light  bag.  held  in  place  hy  a  band  over  a  pad  of  day,  and  pouring 
iAto  the  hag  the  antiseptic  liquid  by  ui^ans  uf  a  tube  entering  a  tub 
placed  somewbore  near.  The  liquid  dipplaccH  the  sap  and  takes 
it«  place.  In  this  way,  the  dflicate  wo<)d»(,  such  as  the  pines  and 
firs,  may  be  rapidly  and  unlfnrmly  injected,  but  It  Ih  not  no  in  the 
case  of  hard  woods  ;  as,  although  the  sap-wond  la  soon  injected,  the 
liquid  pcDCtratcfl  with  difficulty  and  irregularity  into  the  heart  of 
the  tree.  This  process  lias  been  greatly  improved,  for  railroad 
aloepers,  in  the  following  manner : — A  piece  of  wood,  of  twice  the 
length  of  the  slcrppr,  being  sawpd  Iti  the  middle  to  within  3  or  4 
centimetres  of  ihe  oppwltc  side,  and  the  crack  opeaed  with  a 
wedge,  between  the  vertical  sides  of  the  crack  a  tarred  rope  is  in- 
terposed, which,  being  strongly  compreaaed  when  the  wedge  la  re- 
moved, clo!ies  tlie  mdcii  hermetically  and  forms  n  nmalt  narrow  re- 
Mrroirin  the  middle  of  the  piueo  of  wood.  The  antiseptic  liquid^ 
being  then  pmirnd  into  this  reservoir,  ultiinutcly  pcnotratca  tbo 
whole  piece  uf  wood. 

Of  the  many  chemical  snbstanccs  which  may  be  used  for  this 
piirpoHc,  the  pyrclignile  n/  iron  nr  impure  acetate  of  the  protoxide 
of  iron  in  pcnoriklly  preferred,  on  account  of  its  efficiency  and  low 

{irice.     This  sulislance,  which  is  obtained  by  means  of  the  acid 
iquid  produced  by  tho  dlstillatioDof  wood  in  close  vcs{<ls,  contains, 
in  addition  to  the  ucctate  of  iron,  creasote  and  tar,  which  assist  in 
the  preeor\'ation  of  tho  wood, 
ft    Wood  is  frequently  covcrL-d  with  tar  and  u  substance  called  ma- 
THue  t/iuty  made  by  nndting  together  1  part  of  gum  shellac  and  2 
part.$  nf  essence  of  coal-tar. 


MITROOEKOCS  OR  ALBUMIS0G3  VEGETABLE  SUBSTANCES. 


£76.  The  nitrogenous  tnatt^r  of  plants,  designated  under  th« 
name  of  albuminoid  aubnt^incttit  play  an  important  part  dn 
vegetable  physiology;  but  as  ihey  have  hitherto  been  bnt  imper- 
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foctt J  stndiod,  ve  ehall  odIj  state  whst  is  with  certain^  kaoirn  eon- 
ceming  them. 

All  these  substances  &t«  solid ;  some  be'iRj;  soluble  in  mter,  n 
albumen,  vegetable  ciuiein,  and  legiuiiin  ;  while  others  are  ioaotablv, 
ta  gluten.  They  are  dccompofled  by  hoat,  and  exhale  an  odoto* 
Bimilar  to  that  peculiar  to  burnt  feathers,  giving  rise  to  eDipyreu- 
mattc  gaees  and  products,  and  leaving  as  an  ultitoate  residue  a 
blaclc  and  hrilljanl  spongy  conl,  the  separation  of  vrhich  has  been 
preceded  hy  iko  fusion  and  swelling  of  the  original  matter.  These 
■abatancea  may  be  indefinitely  prcserred  after  being  perfectly  dried; 
and  iti  the  moist  state  they  can  be  preserved  for  a  long  time,  if  pro- 
tected from  the  air ;  whiles  vthen  placed  under  the  eimultaneoos  in- 
fluenoo  of  air  and  water,  they  soon  dccomposo,  rot,  and  call  into 
existence  a  host  of  microscopic  auimalculoe. 

All  albuminous  substances  dissolve  in  caustic  potaasa  and  soda, 
ud,  on  adding  on  acid  to  the  solution,  a  nitrogcnooa  subBtaoco  sepa- 
rates, iu  the  HtriQ  of  grayish  fiakcs,  which  contract,  on  drying,  into 
a  hard  and  brittle  mass,  vrhile  at  the  same  time  a  decidca  smell  of 
Bulfhydric  acid  is  disengaged,  and  the  liquid  contains  a  certain 
quantity  of  phosphonc  acid.  The  name  nf  protein  has  been  given 
to  this  nitrogcnouA  substance,  vrhicli  appears  to  form  the  essential 
principle  of  all  albuminous  matter.  It  is  not  yet  known  with  cer- 
tainty in  what  state  the  sulphur  and  phosphorus  exist  in  theae  sob- 
stances  ;  but  some  chemists  suppniio  alhuminous  substancea  to  b« 
compounds  of  protein  with  dioeront  proportions  of  aulphimide 
Nn,S,  and  photphimide  Nll^Ph.  These  8ul|>hurettod  and  phoa- 
'tthuretted  Buhstancea  are  moreover  found  in  very  minute  qatuitities 
in  ihem. 

In  order  to  separate  protein  &om  the  alkalino  liquid,  acetic  acid 
must  be  used,  because  the  majority  of  the  mineral  acids  combine 
irith  that  snt»tanee-  Protein  is  tasteless  and  inodorous ;  soluble  in 
water,  alcohol,  ether,  and  the  essential  oib ;  soluble  with  alteration 
after  some  time  in  boiling  water ;  and  its  composition  is  represented 
by  the  formula  C„H^,N,0,^. 

Protein  combiner  nith  acids,  forming  compounds  soluble  in  wst<7. 
but  which  are  procipitatod  by  the  addition  of  a  great  excess  of 
acid,  and  which  are  decompoBed  by  tlie  alkalies  with  the  precipita- 
tion of  the  protein,  which  is  again  dissolved  if  an  excess  of  alkali 
be  added.  Chlorohydric  acid  yields  with  protein,  and,  in  general, 
vith  all  albuminous  substances,  a  blue  liquid.  Wc«k  solphftric  acid 
destroys  protein  at  the  tcmperuture  of  212°,  forming  several  new 
ppodacts,  among  which  is  distinguished  a  white  crystalliiable  sab- 
stance,  called  teuciii. 

Nitrio  acid  acts  powerfully  on  protein,  forming  a  yellow  add, 
eollcJ  xanthoproteic,  which  combineci,  at  the  moment  of  its  fonaa- 
tiou,  with  a  portion  of  the  nitric  acid  ;  but  the  compound  is  dostrored 
by  boiling  water  and  the  xanthoproteic  acid  is  precipitated.     The 
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acid,  which,  when  pore,  is  of  an  orsngc-ycUow  colour,  pnlvcnilcntf 
and  tostele^,  combiues  with  tniiicrul  bases  nnd  acids,  yi'etding  com- 
poimda  of  a  more  or  lc»8  dtep  yellow  colour.  The  xumhofiroteatts 
of  potaasa,  eoda,  a.nd  smmonia  arc  soluble;  and  the  other  salts, 
wKiefa  are  all  insolublo.  are  cn«ilj  obtained  by  double  decomposition. 

This  reaction  of  nitric  acid  on  protein  ia  frequoutlj  applied  la  the 
study  of  vegetable  anatomy  to  detect  albuminous  sobfliances,  since 
they  are  tlio  only  ones  which  turn  yellow  by  contact  with  nitric 
acid.  There  is  a  still  more  delicate  test  in  tne  reddish  colour  as- 
sumed by  albtuDinoos  solutions  when  in  contact  mth  a  mixture  of 
nitrate  and  nitrite  of  mercury,  which  is  easily  obtained  by  disaolr- 
in£  mercury  in  on  equal  weight  of  nitric  acid  contsining  4§  cqui- 
vuents  of  water,  and  tlien  dilating  the  liquid  with  twice  its  volome 
of  water.  This  liqaid  roa^^ta,  whpn  cold,  on  alboTninoid  siib^ttanceii, 
and  the  discoloration  is  mo're  rapid  when  it  is  heated  to  212'^. 

Chlorine  attacks  protein  Ruspended  in  water,  and  conreris  it  into 
a  white  flaky  substance,  regarded  as  a  chlorite  of  protein,  because 
its  composition  is  repre»entpd  by  the  formula  Cj,II  N,0„C10,. 
This  substance,  treated  with  an  aLkalloe  eolation,  losee  ila  duorine, 
diseogagea  ammonia,  and  is  converted  into  a  soluble  substance, 
calledfn'fan'rf*  of  protein  ^  because  its  composition  corresponds  to 
the  formula  C,,n„N^O^nO,  Chlorine  produces  a  similar  reaction 
OQ  all  albuminous  matter;  and  the  same  substance  is  also  formed 
when  water  containing  albumen  in  suspension  is  boiled  for  several 
dm. 

FroteiD  also  combines  with  the  alkaline  earths,  forming  a  pitchy 
sabftinoe,  which  becomes  very  hard  by  drying ;  which  property  is 
applied  to  the  manufacture  of  a  luting  made  of  white  of  egg  and 
slaked  lime,  (§  661.) 


» 


Alburns, 


§  127d.  Albumen  is  a  principle  widely  dtssemiDotod  througlioot 
plants,  and  existing  in  them  cither  coagulated  in  their  tissuca  or 
diasolved  in  the  liquids  which  circulate  through  their  vessels.  It  is 
also  largely  found  in  the  animal  economy :  the  scrum  of  tho  blood 
and  the  white  of  the  egg  are  essentially  composed  of  a.  solution  of 
albnmoQ  in  water.  Animal  albumen  appears  to  be  identical  in  com- 
position and  chemical  qualities  with  vegetable  nlhumeu,  and  many 
physiologists  admit  that  this  substance  is  furnished  immediately  to 
animals  by  the  plants  on  which  they  feed. 

Albumen  assumes  two  very  distinct  forms:  aoluble  albumen,  and 
eooffulated  or  intoluble  aliumen  ;  and  in  both  states,  its  chemical 
composition  is  the  same.  They  will  be  easily  understood  by  com- 
paring the  albumen  of  a  raw  egg  to  that  of  one  when  cooked.  The 
albumen  of  an  egg  begina  to  coagulate  at  about  140°,  while  that  of 
human  serum  remains  unchanged  until  about  168°;  and  as  a  gene- 
ral rule,  albumen  coagulates  with  greater  difficulty  in  proportion  to 
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tbs  qtaiktitT  of  v»tcr  iu  vMob  it  is  diiiaolvod.  Coaguliktcd  nlbumca 
DO  loEigMT  (fiaeolTes  id  w&ter,  but  merely  swcUa  in  it ;  wliile  thv  imb- 
st&aoD  obteoncd  by  cvBpontcion,  at  a  low  tempcrnturo,  trom  »tt  ii- 
buminoua  fitiid,  dissolve^  on  tlic  contrary,  in  cold  water.  yicldiDg  a 
stringy  liquid.  Lit^uid  nlbamcu  gonernlly  proscac^  nn  Rlkaline  rcae- 
liou,  and  turns  the  plane  of  polarization  of  luminous  rars  toward 
the  left ;  serum  of  the  blood  and  all  albuminous  liquids  exhibiting  the 
same  property." 


'  AliTKc  noiDbcr  of  (vbatkiuc)  ia  tlie  or[|ftiuckiiiitil«iueslubit  &  pkjrBH*!  pMS* 
IJftritj'  bvloDRiug  K  Uieir  molecnlai:  Qgnttitniion,  vbich  appouv  to  b«  »  sf^M 
eSedt  of  or^Aniinttoti,  a*  it  lit*  Uitlicrto  not  bcvn  obiortcd  in  tiaj  inorgutio  Mti- 
KtuiM.  Tt  eattdUis  in  tho  propcTt7  nntsfisrd  bjr  thpir  nio1«i«>ulM  of  iin]>re9iii^ 
nodlflon lions  od  polarited  Uglu.  wbleb  are  anftlogou*.  la  imtny  rMpecu.  Ui  ihoae 
It  eipericuaes  «li«ii  |iai>aLu(;  UirirugU  uvu-vjuvuietrtuiil  cryAUlIiicd  builim.  wliich 
raculiy  lia*  bfvn  caJlcJ  Uio  miaioT;/  yaicrT.  from  lti«  character  of  tlic  tSecta  irbich 
it  pmiluRcn,  In  this  ni>tc  no  fJinll  cmlrDTonr  to  explain  iln  mode  of  nianifuta- 
tiMt  ttod  lli«  imttiod  of  iDcuuring  its  priscipkl  pccnLiiuiUci :  nnd  tbc  id««  «• 
»)uU  giYa  it  will  aoffico  U>  nllavb  it,  fiuoi  tliix  time,  u  it  tpcciSc  obftr«Gt«r.  t» 
mbMADOM  irhteh  pOHveiiB  it,  na  tb«}-  <niU  t)«  <loiatih«il.  Wa  >]iiil]  «ubsei|Ueall7 
explain  <m«  of  {u  prastieal  tpplicutlotLi  in.  (fetal),  and  show  bow  it  mnj  be  applied 
la  the  exnet  dctenuinaiion.  in  n  Hotntinn.  of  iho  propoption  of  mttter  In  it  whicb 
exert*  the  mtntorj  power.  But.  ia  order  tlint  Itieie  phtDomeuii  amy  ba  under- 
MUiod  hy  pcnonx  who  hale  not  innije  n  fippcinl  »tuJ]r  of  nptic:^.  it  i*  nncMSUT  tO 
rer*pituilntc  a  few  nf  ibo  cbluf  laws  of  this  ecirncr,  on  ntijch  Uic  ihcor;  of  thcM 
phcaviscua  l>  bwod. 

U'bea  B  liuple  r>j  of  ligUI,  emunatiiiK  dirvctlj  from  ft  luniuoua  *6urce^  tkWt, 
■t  ka  kagle  i,  an  the  eurface  of  a  truofpntoat  Di«iiium,  a  grealM'  at  l«u  purtioa 
of  the  my  la  reflected ;  and,  if  llie  msdium  i*  pcrfectljr  triiiupnrerit  uii  ii*  iur- 
fuco  puliitliMl.  ibe  purtiau  of  light  not  rcllfated  trnvLTxcJi  the  nirilium.  The  plooe 
oantaiuing  tlte  iaoidont  ray  ir  oallvd  thoplatu  a/  iaeiiinme,  ond  ihp  reileotuig  far- 
fuc*  Bt  Ibo  point  orincideace  li  called  Ibe  nonnaL  The  relle«l«d  ray  reuaiiu  In 
tbe  pliiiie  of  iDcldencc,  and  Iu  itirecUoii  makea  un  angle  i  witb  ttie  normal,  equal 
to  tiiat  wliicb  the  incideul  ray  maken  with  tlii^  name  nunual.  The  Uwa  wtiicli  tbe 
trasvcnittcil  ra;  c-liv}'9.  vbra  tb«  tncdiunt  tniT«r>od  ia  boiDOK«iieoui  ia  all  dirte- 
tlons,  are  tbc  folloniiiK: — If  tlic  tranatnitt«d  ray  U  »iiiipte,  it  rcnikiiuin  tbeplaM 
of  Uwidoiud,  and  malcci,  with  tb«  tionnsl,  nu  angle  r,  bo  Ihul  Ibnre  atmLfi  eiiila 

betwara  tbe  angto  of  inDid«Doo't'  and  tbnt  uf  refrBOtion  r  tbe  rolntioft  ^jj^^n. 

m  btiag  a  conitaut  quantity  fur  tbc  name  ukciiiiui,  and  oallud  the  iWm  «/  ri/rattitt 
of  tbe  ine'diun. 

Ths  nne  lavs  apply  to  the  en.ie  in  which  the  ray  of  ligbt,  lailead  »f  falUDf; 

ttwm  empty  apaoe  un  ibu  ui«'liiiu,  rm^bnH  it  nft<r  liiiriug  iraTmed  aQrM  iMdiua 

•qnally  homcigenDoui:  and  tba  rontlant  quantlly  m  in  then  Ilia  rxiativt  initz  ofrt' 

/^(ften  of  tbe  two  media,  and  ei|aal  to  Uie  ratio  of  the  indicet  of  refraction  of 

iUwtt  medift  with  regard  to  Lbe  space. 

Tbe  light  of  the  aun  la  cumpoBed  of  an  infinity  «f  rarlonaly  coleurcd  raya,  each 
of  wUch  hn*  its  own  index  of  rcfrocUon;  auil  if  tbcrcf^re  a  hiidhi  ora<>UT  light  be 
pMavd  throuiih  atrniuipnrnit  priim,  Ihc  rnfg  si^pnrnti:  and  yield  acoloiirrd  imttp, 
the  mlarMpiflrtiiri,  olimgatnd  in  the  direeli&n  of  Iho  rcfraclioe ;  tlie  rays  wlu«h  kan 
die  grealMt  index  rnf  refraction  being  th«  farthcat  nmvitA  from  Uie  direction  ef 
the  inaideDt  ny.  The  light  of  burning  bodiea  affords  a  almilar  « poctraui,  which 
dlfl'«tfl  ftvm  the  tolar  vpeutrum  in  the  ralio  of  InUoilty  of  the  Tarloua  cokiared 
pari*. 

The  portion  of  lix^t  rcllcciril  at  the  aarfn^rc  of  acparation  of  two  acilia  variM 

vith  tlie  nogle  ot  incideucc,  and  ia  »aiaIlo»t  when  tbU  anitle  ia  1^  tbat  ia,  wLeti  the 

1  Incident  rny  it  numial  tu  t!i«  surface ;  wliilu  it  Incroaact  wilb  tbe  Talne  of  thia 

tHiiKle>  au'l  !■  eqnsl  to  the  iDcIdcnt  light.  wK«u  the  angle  of  in«idene*  ia  e^nal  to 

W°,  in  wbJcli  eai«  the  light  !■  wholly  repeated.    Uowaivr,  whan  the  ray  paaaea 
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Mnn^  c}icmicnl  rpngcnta  coagulate  albanien  vbcn  oold.  Alcohol 
reduces  it  imiDediatcly  to  the  insoluble  state;  ftod  ether  prodacea 
the  same  effect,  theagh  more  slotfty. 


fros  ftCntuidlam  intA  a  utenni^,  rfirhkh  !%«  ind«xarr«fVftetieaSa  mer*  feftblc, 
lit  wUoli  eu*  tbft  Ta1n«  of  n  in  imnn^r  than  1,  the  (ot*1  reSaedoiLef  Ui*  inoidnnt 
njr  MBiiiMiim  before  Ihe  ra&ant  th-j",  vbiohinccurs  At  M  thg  iuddmoea for  vhlcb 

tfaenUlMit^^^M  KiTca  tuIum  fur  Ui«  no  r  greater  tbui  1.    7kiu,  the  Uial 

MflMtiOR  b«giiu  It  Ui«  itDgU  [,  far  wMah  we  tiftvo  tin  Izin;  th&t  is,  lA/  aitfh  ^ 
M*l  t^btliott. 
Bj  balnK  r«l1n)t«il  mt  tbg  mrfRC«  of  eoparation  or  two  incdU.  the  nature  of  li|tht 
|hreiurk*b1;ino(liAed:  which  i«  randlly  demonstTntnd  hj  ih«  ftpp»ratu».  (Gg.  Qfi6,) 

ah  and  c4  are  two  poUshr^ 

^  traneparBat    ml  iron    wtiloh 

y^  Miolva    sTooud     liurixiniol 

*  nicK  o,   n',  perjien>iiciil»r  ti 

the  ptnn»  of  the  6j-nr«.  The 
Bjci  nrp  mippoHtd  (ly  frame* 
Dm.  o'ln'.  monntcid  oii  dnimi 
fft  *'/,  whirli  mm  nmunil  lh» 
hollow  cylinder  jr^>  to  wUoh 
any  inclinatliHi  aroand  tlie 
*  horiaontalails^ran  beKiTVD. 
A  narrow  bnndle  of  raje  U 
reeeired  on  tbe  fir»i  mirror 
ab.  nt  an  iti«t>lfit(i»  ■'.  unci  the 
whcle  inKtnimrni  \t  Rrrnngcil 
■0  that,  the  retlecleil  raf  shall 
follow  the  diruotioQ  of  the 
F^g.RSK.  axis  of  th<i  cjlindcryft.    Thi^ 

rcfloct^'d  ray  in  rcuclTci  on 
Fa*  feeead  mirror  fJ  ot  the  name  anj^e  of  inoitlcnee  i.-  aud  bj  (vniiiig  the  droui 
'  V/*  aranad  Oi*  nvHnd^r  _Wj.  all  jiA'aihlo  an(cl«a  run  lir  nii<I«  on  th«  seonnd  jiUne 
l«(r«lMti(in  with  the  plane  nf  refliholion  on  Iho  flrtt  mirror,  without  ^haoglng  lli« 
I U^  »f  laelilenoe  •'.  Now,  if  ih«  light  r«rtI«ot«d  bj  Um  Snt  airror  were  atStlne- 
[tnral  llgbt.  It  wuald  be  al*ra;a  redectoJ  in  tlie  ■ame  ptoportiaa  on  lUo  necoiul. 
^  whaierer  might  he  thu  niimuthur  tb(?  pluoc  uf  lite  Necond  rcUaction  compared 
lilh  th:bt  of  the  lirat.  But  liiiji  is  nut  the  ou»e,  luid  the  inteniilj  of  (lie  light  it- 
>Dttd  bj  the  lecend  mirror  JiminiiheH  in  pruportioii  DitUie  uluivtbof  iho  Mflood 
■■•r  reflection  incrcnxc",  nnd  i*  a  miiiimuni  i>hea  tho  aiimoth  it  W;  ite 
ona  being  uoreoTer  aymastrjeal  uroond  Uin  uiiaDtli'  0  and  90".  Bf  rarj- 
I  eerramoo  anslo  of  incideuM  i,  it  can  bo  ascertained  that  the  variation!  of 
ity  of  the  llgnl  reSeoted  on  tbc  second  mirror  in  Lbe  vuriuuir  aiiintLtb*  to- 
■e  ai  we  approsuh  nearer  the  laluo  of  i  giveu  hy  Lbe  fonnula  tang  tarn,  m 
(Ibeing  the  iaitei  of  refraction  ofliie  glaaa. 

Ltsht  which  ponscssci  this  property  ii  Bali  to  Ite  palariaJ,  aail  the  anfE^e  at 
.  irhicli  it  main  be  roScctcd  from  a  troDgpnrcut  modluia  to  acquire  it  i«  called  ttie 
[  tnfU  aj jroUtraalirm :  it  will  be  ipco  tjiitt  thin  angle  Jo p end*  ontlie  Index  of  rifk-gko- 
[0oa  of  the  «ubatnn<!e  ixinipnaing  thn  mimiT.     Polarlied   light  diffefs   theTefora 
Fftem  natorsl  light  in  Ibi?.  dint  wliila  ihe  latter  is  alwa^i  relleeted  in  the  «aini 
■yroiMrtloo  from  a  ulrror  Inctlced  nl  the  an^le  i  with  the  incident  ray,  for  all  aii- 
[iBntha  of  (he  plane  of  reaeulloti.  pulurlieil  light  U  reflected  in  prnpnrlion*  rarjiaB 
wtlk  tlie  aiimuth  of  the  pUne  of  puUrixatiuu:  and.  if  thenngle  ieati»Aca  the  rela- 
tion tang  t=in,  there  b  a  pusitiori  of  the  plane  of  rofleclltru  lu  whii-h  tlie  reflected 
ra;  U  «alL    The  plane  perpeodioular  to  thia  puticalar  dlreelioa  of  the  iilaue  of 
rtfleelion  it  called  the  fl-i'ie  of poiaraaiion. 

Wkeii  s  ray  of  light  falln  en  x  mirror  at  the  angle  of  p&larlittlon,  the  porUoD 

reflecl*d  ia  jiolariic't  In  thu  plane  of  inradencc ;  and  If  the  prepeniri  of  the  re- 

■  frMtedra;  be  eiamiued  Ij  moaua  of  a  seeond  mirTOr  whicli  reo^ees  il  at  the 
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Albmnen  is  extracted  from  fiour  bj  mbbing  it  vith  ten  timee  ita 
weight  of  cold  water,  allowing  it  to  digedt  for  ncveral  houni,  de- 
canting off  the  wat«r,  and  digesting  with  an  additional  quantity  of 

•ngl*  or polnritktioa,  it  i*  kvctrtkined  that  tb«  trknuiDitlvi)  w*<f  pn^taXa  the  pn- 

EertiuoCkni7pMrtial]jpi>lAr)>«d,  fir  of  ft  mUtnre  of  nfttiiritl  and  (yoUriicd  Ucht; 
ut  (ha plitn  of  MlnriiMioo  nf  tho  ]tnl»rit«i9  portion  ii  pOTiModieutar  lo  ibopUM 
of  poUlfutlon  or  the  nllecUd  porDon.  It  taaj  tberrrnre  lir  udmitlvd  thu  wbM 
a  ra;  of  lumral  light  fklli  oa  k  mirror  it  the  uijcU  of  polariutHiD,  ■  porllaB  of 
the  light  trnverMK  lti«  minor  without  modlHoAtioD,  but  lli*t  the  other  portfon  b 
ilitideJ  ialo  1*0  bundlea  pnlartcpd  in  plnnea  peni«ndIoiiUr  ttt  «MiIi  otk«r;  mai 
while  the  £r»l  bundlD,  nhigh  ii  poloriicd  in  tho dircotlon of  (!>•  pluH  irf  ineidcBM^ 
u  r«kot«(l,  (ho  lOQitBil,  paluiied  pfirprndii:ii1iir!7  to  thii  plane,  ii  ra(^«ct«d.  W« 
cwa^lM,  BONOVtr,  Ibal  Ihtat  two  rnf^tnnftuUrl;  poliiriicd  bn&dlo*  U«  MOkl  lo 
B*ek  otbw,  and  ibnt  tli«iT  naion  j)rod»c(>ii  natar&l  light ;  which  tnbj  thmttor*  1m 
reK^Tded  <u  formed  by  the  union  of  ti^o  equal  tnindiM,  polarlted  at  rigkl  aa^w. 
When  the  bundle  of  light  wliieli  hM  traTencd  a  flnt  ralrrvr  at  the  aagia  of 
pelarUadoa  traTnnwe  a  mccnd  at  tins  unkn  an)(t«.  0  purtion  of  the  natural  light 
u  dirided  lato  two  Imndlea  rcctonKularl  v  pnlanicd  -,  bnd  the  buodlu  polariied  in 
iIm  dirc«Uoa  of  the  plane  of  reflouiloD  in  i'o3cci«d,  vbilQ  th«  buadU  polnriMd 
HcpeadiculaTly  t«  Uus  ptatM  is  itfructed  nud  Juias  llii:  porliou  polariitd  by  tlM 
Imi  **rra«tlnn.  Aftrr  its  poBungv  through  li>«  Heoond  mirror,  the  iMindle  ven- 
tainH  a  portion  of  poluHicd  iight  icncb  gronC«r  than  wh«D  it  l«tt  the  frst.  Ttaaa- 
tniKalbu  tltrough  u  third  mirror  again  in[!T«a>ps  the  pi^iuriied  poitloa;  lo  tkat 
after  paiiiing  through  a  auffiiiicint  niiniber  of  nirrnra.  at  the  angl*  of  polaljialioa, 
the  bundle  or  natumi  tight  ia  entirely  sepjtrateti  into  ligliT  pnlariiRd  in  the  dliaa- 
tins  of  tho  plane  of  iuddcuce  which  U  feUecicd.  and  into  ttght  polariied  perpen- 
.  diculailj  to  the  pLnuo  u(  incidence  which  iravonea  the  mirrun. 

Crjutolliicd  inidiu  which  J-u  not  belon);  to  the  rogulur  (j-jleoi,  effect  Ibubb 
dintfl;,-  the  Bi-parnlionof  nntiini!  Iij(lit  Into  its  two  rPclonjiDliirly  polariied  bundlee- 

A  bttndle  of  imtaral  light  which  fnlli  oa  a  rhomboid  of  Io«tand  'par,  it  dirided  In 
the  rryntnl  into  two  bundles,  of  equal  intensity,  potarliod  reatangnlarly,  aad  wM«k 
teparate  hccauui  they  (itj«v  dllTurcut  lawn  uf  rtirraoUon.  Ouc  of  Iheae  bondlei  ll 
poUrlted  In  the  direction  u'r  tho  plitnu  of  the  principai  ■ectiun  of  Ihtt  rhaalMbc* 
drou :  wliile  tho  plane  of  polnritntion  of  tho  i«cond  in  pcrpeodtcular  to  the  plan* 
of  the  prinoipal  loction.     Tlic  firat  obey*  the  ordinary  laws  of  tho  rtfractioa  of 

UghliDbcmogtDtouemeilia,  and  remain)  in  the  plane  of  incidence,  the  law  j^^n 
'  being  sallied  for  all  Inoldencet :  for  which  reaaon  it  la  called  the  orimory  my. 
The  aocund  ray  obcya  rery  tlilTcrent  lawi :  it  r(.-main>  in  the  plane  of  incidanee 
only  when  lhi«  plane  ooinoidogi  or  is  perpcndicitlar  to  ibc  plane  of  the  pnndpal 

ieoliou,  and  it  is  only  in  this  con  that  it  aatifflof  a  law  -r—,=sm'  timilar  to  that 
which  Uiie  orJinftry  ray  obpyj.  fn  all  other  direoUoni  of  iho  incident  ray  the  law 
of  the  second  rofrnctod  ray  ie  more  camples ;  on  which  account  tbU  ray  hai  been 
called  (he  atraorHntni  ray, 

Th(-Be  two  niyii  Jo  out  B«puute  Hufljcieatly  to  form  two  isolated  liaacca.  ascofit 
when  the  rhomb  of  gpsr  ia  T<Ty  thick;  but  »  greet  vtparalion  may  be  prodwoed 
by  rt'pluoinf;  the  rhomb  of  apar  by  \  priim  out  nnt  of  tbii  mlnerbl;  eo  that  the 
edge*  of  th«  prlim  ibnll  ha  ptirpondicnlar  to  the  principal  aection  of  the  rhoinba- 
bedrov.  When  tho  rcfrarting  angle  of  the  priem  le  oaly  6°  or  10*.  the  two 
bundlee  eepornte  anRicionily,  but  the  imagee  are  oolour«d  if  tba  locideat  nj  b 
not  nnple.  TUie  dincolorsLlon  ii  aroided  by  gluiog  to  the  prIam  of  ipar  a  pmm 
prlMB  of  a  proper  anjcie,  the  reft-aoaon  of  wbich,  acting  in  a  dlxtetlna  ooolrai; 
to  that  of  th*  pritm  uf  upar,  almnnt  entirely  deetmya  the  dltperaion  of  colonta. 
ThiH  nppnratm,  whkJi  ia  fiT'iucntlj-  need  in  Uie  Hudy  of  poUriicd  light,  in  called 
an  athromaW:  birtfrnriing  priim ;  and  it  enable*  oa  to  eJiamiae,  with  aaaa,  the  pro- 

fcrtie*  of  light  pulatiicd  byrullfction  ft-om  a  mirror:  whan  naed  forlUa  fiaipoaa. 
t  ia  oftoD  called  un  analsiiag  prim.  If  the  light  ia  oonplotoly  polariiM  ia  tba 
dir«otioo  of  (he  piano  of  r^fleatlon.  It  If  eTldent  that  when  the  plane  of  the  prin- 
oipd  (ectiou  of  the  birof^acling  prism  cciooides  with  the  plane  uf  leOectioa,  ^1 
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floor.  Afu>r  hftring  repeated  this  operatJoa  three  or  four  times,  a 
liquid  is  oblaiaed  eontaining  a  certain  qtiantity  of  albuiaeo,  which 
ciui  be  separated  b;  evaporation  at  a  low  temperature. 

UM  ligkt  will  traT«r)>«  tb«  pH«in  in  tb«  ntnt*  et  an  ordin&r;  ray,  And  Ui«  •ilra- 
Mrdiaurj  T%y  w\\\  he  «tiDgi4)ahcd.  Wheo,  on  tho  «nnWAr]r,  th«  plui«  of  tb< 
priadpal  M«tlon  Is  p^rjicacUeatar  1o  iha  pUne  of  pcili.rUiLtii>n  of  the  ray,  tbe  Ugbt 
wiU  pMi  «bolly  in  ttiu  tfitraorilin&ry  rMV.  aiiJ  Uio  urduiftry  t*y  will  tie  nulL  In 
a]l  Ike  iii(enDediBt«  ttimulhi  of  the  principal  icction  of  tha  biicfyavtiug  priim, 
there irill  bcaaarJinurjrandbn  cttrnnrilinanrimaicr ;  anit  t)i«irn>Iu)Te  talcnsitiea 
vUl  TIU7  »cc(fr<ling  to  l]i«  pg* iti(-n  of  th«  principal  icction.  Tbc  lam  of  lLcm  Tui^ 
tioBi  i*  vor;  simple  ;  let  Cbt  t1i«  rm^lo  whieii  tJio  pUue  i>f  the  principal  M«Uoa  of 
tlia  birotVaetiiig  prittn  inak«s  willi  ih*  pliuio  at  origlnAl  polariialion ;  and  1  tht 
laUastlf  of  the  puUrlied  ra;  «hl<rh  falls  on  (bis  prim :  Ita*  tnwotity  of  the  ordl- 
Baij  T*T  U  i  toa  K.  and  Ibui  ef  the  txtraordiiiu'j  ray  I  sin  V:  la  all  e*ata  liia 
rtjttt*  Mmptomenli  of  eacli<iiLt>r.  for  we  ^wa^a  bitTe  Icoa  V-4-Iiiu  *Cacl. 

The  bircfractiiiK  pruro  in  tfrj  con»«iSent  for  ilrierminiDg  tiie  direoiioa  of  lb* 
plane  of  polaiiiaUon  of  rt  pdlariird  taj ;  an  il  in  nuSidi-nt  to  £ni)  tbo  direction  to 
l>«  0T«B  lo  the  plane  of  Uic  principal  (cotioa  of  tht  priiiD,  ia  order  that  the  citra* 
crtUaary  faacsoaloa  fiirnMlkcd  bj  t3ie  nomal  inoidcot  isj'  may  bi>o<iniic  itnlL 

In  order  to  oadarelatid  the  modiAeatione  aiporiaoi'od  liy  pulnriied  Ugbl  vfaoa  It 
travanai  tarlon*  tnedJa,  thf  nppamtuB  represaDted  in  flf .  CSS  is  ft'eqiMBlly  used ; 
InvUeli  aireprawou  apulisliL-d  mirrur,  recdnng  ttia  Itunlooua  rays  at  the  angle 
of  polaritation,  and  rcflecliug  ilicm  in  the  line  to,  wbile  at  a  li  an  lehronittio  bi> 


«55?. 


j5 


Fig.  (156. 


Tefrsrilnc  priim,  moimtei]  on  tbe  eenu«  of  a  moTablo  tndex  na,  which  meTai  on 
a  graJoatcd  oiixlo  pf  perpeu'liculur  to  the  line  r^.  Tli«  plane  of  poIariiatfaiD  ot 
the  ray  ixScctd  by  tbc  isirror  being  tcrllcul,  the  calraordiDary  imagv  a(Tor<led 
bv  tha  birefia^ting  piium  mil  Tiini«h  wlioa  its  ptincipal  i«c(ioii  >i  id  the  rerticsl 
pUBB,  and  tb*  nliiUdn  will  then  cnrrnnTninil  lo  0  nf  llir  diriiion.  AB  i*  a  supporl 
ea  vhioh  varimu  trftnupnrpnt  Tni<dln.  which  will  Ita  trnrnriod  by  the  polarisFd  ray, 
aa,  f«r  riunple.  Tlutds  coDtained  Id  Mbf".  cnn  be  placed.  FiK-  <iAT  reprMWoU  the 
loDgtindlnal  lectloa  of  one  at  these  tubes ;  wbkh  li  composed  of  n  tnbe  of  ihiok 
i»  _  _,^  glass,  KCiicrfclly  eticlosod  In  a 

^^L  ^B>Mi— »— wwBBWBB— ^1^— J*!(f        mctalUo    tube   to   which  are 

^^^L  y^*~~    ' ' 'ilj  ,  ,  fitted    lb«    two  ferrules   m,   n, 

^H  mit^.  -"—.-r-rT-T--^"-:  -  :  "--:-  -::— JH        wbich  .uppon  the Rlau platea 
^H   ^^^m^mmmmmmmammtmm^mmmm^ffgi^         cU.Mnj  tli«  ond«  of  tiio  lub*i. 

^^P  fig.  657.  ir  All.one  of  thow-tubeii,  Atled 

with  water,  alcohol,  or  ether, 
^  plaocd  on  the  luppert,  so  that  the  ray  of  potarited  light  may  tn  obUfed  to  ua- 
Toi.  It.— SO 
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In  order  to  extract  albumen  from  potatoes,  they  are  cut  into  tlim] 
alicta,  wliich  are  (ligcsti:d  in  water  containing  two  per  cent,  of  m 
pturic  a«ici.     The  water  is  dccanloil  ftftor  twenty-four  honra,  ar 

tCTM  Uie  llffuld  bflTar»  naobing  Ibe  binfrikolini;  prian,  ll  vill  be  M«n  tliat  i 
lav  ba>  iruffn«<l  uu  ciaentlKl  change  tn  lis  \\Tt>ptrT\\ea  hy  iu  panags  tkravf^h  tl 
flnM;  ii  Instill  I'ociplcieljr  polarised,  twuJ  its  pUtii-  if  polariutioa  makhn ' 
tioal-  But,  on  aubRlitutmic  tnr  pure  water  norcml  dthnr  li(|ai(I>.  iw,  for  exaaij 
B  kIvUmi  of  <IUitt>«ugAr,  the  fiopcrlicf  of  the  pplanied  Ut!bt  are  ceioplfte 
in»diSfr|.  TKu«,  b*f«ir«  the  mterpnaition  t,f  Ihe  laho  centoiDiiig  the  ««Iatioti  i 
Bugaf,  the  eiinordinftT?  imnftin  nf  tho  birafmctini;  rrinm  t«  nnir  nhen  ibe  indei.] 
nnelia  (f ;  ami  llie  lniag«  retippenrg  if  the  lutie  be  lnler[<oaeil.  Kevcrthelen, 
light  lias  not  hem  depaittrlted  by  Ua  passage  ihrou^  the  solutiaa  nftnigar. 
rtmaina  eoinpleloly  potuiied  :  bat  ita  plane  of  polaTimlinn  ii  no  lonmr  TfrtlcaCl 
ADij  It  hna  been  doriateil  hy  a  nertaia  angle  towmnl  llie  riehl  nf  tbe  ebanrvl 
wlio  loofca  thTeu|[h  tbc  bircrractiDR  prism ;  end,  in  fact,  if  U*  index  be  tmelj 
to  tile  riiLt  bj  a  eortaiit  angle  a,  the  txtrnwHapry  ifavfe  disappenn  catirelT'if 
The  aolntSon  c^  augar  Iiae,  tkercfoee,  lumtJ  iciearrl  lln  riylu,  ty  m  oHgtt  a,  rMJ 
flMu  ^  foloHiiititti  of  iH§  Hffii.  If  tQh«s  of  different  lenglba  be  illed  with  iWj 
aame  eolutton  of  mgar,  It  vhll  be  funnd  that  iJit  onflt*  »f  4tttalm»  art  it  pr^' 
jwpMm  Iq  (At  laiythi  nfiht  luha.  Ou  tilliug  a  tube  of  nnifmin  length,  aaeee«i*elj, ' 
with  sdntioou  mure  an<l  ronre  ricli  ia  xugar,  it  is  fonntl  that  tht  mffita  of  iMki ' 
■  on  in  jireperlHin  ta  the  guanliUtt  o/ iiiffor  mntaiatd  in  tk4  4ame  tiolmmt  of  li^piiiL 
majr.  tianfer*.  be  saiil  In  general  t«ro»  that  (ht  dtriativiu,  vr  nlttitnt,  tflJiei 
of  pvlaritatwn  ere  in  yrvfortion  to  tAentmier  efmoUruUi  (ftuyar  irAich  Iki  i 
ray  mtet*  m  iU  pattngr.  Lut  ■■  lie  the  devihlion  InipreMed  by  a  tioiMKCneoua  llqnill 
on  the  plane  of  pcliiriialloD  of  the  sinpte  ray,  neiing  on  it  onder  the  mat  dtA 
cumjitanui^i.  thruujih  units  of  apa'oe  and  with  an  imagUiary  (leniii;'  equal  to  naUj.' 
The  dnniiity  bocoitiing/,  without  nay  cliaiiue  in  the  viier^  of  the  molecttlar  i 
the  deviation,  ifiroiigh  llic  imlly  of  itiidcnrKii,  will  h*  [a]  / :  ibea.  the 
becuming  t  tut  the  tamo  dcTiiiitj.  llio  l>ilnl  duTiatiou  will  he  [■]  U.  If.  Ihertfer^^ 
a  repTcsent  the  Jeviutlon  obsorYed  cijierlujcntaU;,  we  eball  nave 

[>]Uai,    irhencc     [>]  — ^ 

The  qnantitf  [■]  i«  o1ianiet«ri«t>o  of  the  acli*o  eubstanee ;  and  b  tbe  aont,  ill 
ei^ual  tomperaturee,  for  all  the  Tnleea  of  I  nod  J,  and  ma;  be  contldered  ea  Iki' 
tnotieulAT  at  ^tt^  mialary  j^oiecr  of  the  homopeneoua  liqulil  ohsrrrecL 

>Vo  bnTe  iUppOfed  Ihut  the  pularitoil  rn^  una  Eiiii[>li;  light:  irlurh  eoBditiMi*^ 
thnug^h  vtricllr  niHttled  with  dilBrultjr,  cnn  rievrttlnUens  lie  itilfirietitlj-  ntlsAed  I 
placinjc  helween  the  birefrnctinjc  pri«m  nnd  the  eye  a  gin*s  oolonrcd  red  hy  wai^'i 
osidc  of  copper,  which  allows  the  red  raja  only  lo  pass,  and  rxlingvlshev  aII  thaj 
Dihera. 

Wh^n  the  polurtied  Tuy  is  oc>nip<iee4  of  white  light,  aad  traversee  a  ucdiaai 
endomd  with  ^  moderately  powerrul  rotaiorr  power,  the  extraordioar  raj  ii  mM 
anlBgolahed  in  oaj  poeitlon  of  the  bireiyaetitig  pri«m;  and  the  two  t>niid'lea  iti«>'i 
play  Terr  beautiful  eolouri.  which  are  alwaya  tomplmaitarj/  in  the  two  iMaipet 
that  la  to  aay,  wbif^h  are  luch  that  t)i«y  r«prmliieo  white  ligbt  whaa  anpcrlnipeeer 
OB  each  ullicr.      It  i*  cimy  la  >raIcntnto  thcao  discoloraliona  i  fnari,  when  ike  4t 
timeout  <„  ■,,  a,  are  knnwo  wlilch  the  modliiui  exerts  on  tho  pisoe  of  poTarltalie 
«f  eooh  eimplo  inj-,  and  the  ioteuitlei  i',.  C  ii  of  lh«H  raj'a  is  while  ll|:fat. 
nn^pOBV,  IB  fact,  that  the  plane  »r  the  prinoipat  eectien  aialiee  an  an(;te  i  will 
the  V«fI1obJ  plane  nf  tim  primitlre  pelari)ati«n  of  all  the  ray«.     Xhli  plane  wil 
inehe  SB  angle  a, — «  with  the  ^luue  of  puluiiatiaa  deviated  rrom  the  Gnt  **fA 
Mill,  if  the  ntciiium  pos'easiu)-  tie  rulatorr  imwrr  i«  tcleurliM.  Ihil  in.  if  K  nl*J 
low*  the  eimple  raj-f  to  pnas  pri^iielji  iu  the  jiroportion  in  which  tbcxe  rnja  eaisp 
ill  while  light,  tho  intetialiy  iif  the  llnl  ray  in  the  ordinnrj  imajcc  will  be  f.cei 
'\* — •).  knil  the  inienait/  of  the  same  ray  in  the  extraordinary  Image  will  be  t.ain 
i»  —  •):   so  ngnin  Ihe  second  ray  will  pre  iu   the  ordinary  image   ^oii'fa, —  )J 
and  iu  tbe  oitreoniinary  image  i,smi'(«,— .J  ;  while  the  third  ray  will  gho  w  "^^ 
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allowecl  to  rest  for  the  Kune  spttce  of  time  on  fresh  slices  of  nota- 
to«8 ;  when,  after  sevcr&l  simitar  operations,  a  yelloinAh  liquid  la  ob- 
tained, vrhicli  must  then  be  suturatcd  with  a  small  qnantit^  of  po- 
tassa,  taking  caro  to  preserve  a  sli^jht  aeid  reaction.  The  liqnidB. 
craporatcfl  »t  a  low  temperature,  ^'icld  sniublo  nlbamcn,  mixed  with 
■mltty  *ad  probably  with  dextrin ;  but  if  the  liquid  be  boiled^  tlia 

ordlaairj  bnkge  ^eo«*(>t— i)*  >^^  JO  tba  eitraanlinarj  Iinag«  i^D*f «,—)).  and 
■o  an. 

The  ordinary  imaKC  will  Uiererarc  bo  fanoeil  hj  the  ■nptrpositjnit  ot  m  portion 
■iCM^flt^i)  at  ibc  dolonr  of  tli«  flnl  raj',  a  pnrtion  ^cri»*(*t — ■)  "'  ^^  culonr  of 
thm  ■ecvnd  roj,  n  portion  iVoo*'!*.— t)  of  iko  colour  of  Uio  (bird  r*s.  >n<l  to  oo. 
Tk*  cotoar  rMUlciagfraiii  Urn  ordinary  iTaiijt«,ftnd  itsinUMtlv,  may  b«cUcuIftt(d, 
by  inttu  of  UiPM  •IvnenlD,  by  a  poculinr  Uw  (>(ilnhli»Ii»(l  by  Newt«n. 

The  eolonr  and  Intcniity  of  the  pxirnoHinnry  iiunp*  nltl  ba  aiLlealiited  tn  tiM 
same  way.  by  meani  of  the  coostlmeDl  [nitta  i,sLu'(«.  — i).  i,im'(a,^<),  i.iln* 
(a. — i)  of  each  of  the  siiuple  rays  wbicb  cuiuiidnc  il 

Tfow,  U  faai  beea  obncrrcil,  llial  fur  Ml  nii-Oiu  cnUoirccl  with  roMtirry  jicwcr, 
wi(A  lAc  ac^(K>n  o/  laritrk  arid,  the  rclatiTa  dcTiatiocin  of  the  fitnple  tajs  whioh 
conidtato  « hit « Il^lit  obey  wryuonrly  tb«  sun*  Uw:  iaotUgr  worlt,  thoilviUtloH 
«f  th«  p)an«ti  of  polarii&tion  of  ths  v&rioiu  nmtilft  tus  u*  *lway«  proportional 
to  oath  oth«r.  So  that,  inatoad  of  mtamrintf  th«  dtna^OBt  pr»dno«d  by  ntdia 
tmAvwtA  with  rotatory  power  upon  one  simple  ray.  the  red  ray.  for  eKampla,  tha 
(UrIatfaMM  aiay  bo  iB«aaur«il  r>r  whiu))  tlie  urdinnry  aud  oxtranrdljiary  imago  pr»* 
MDtidratical  htioa.  But  all  Umi:  Iium  cunnul  bt  maamrad  with  equal  prociiiioii, 
bcoaaae  tbcy  arc  aot  nil  nuhjrcl  to  voriaiionn  equally  •cniibl«  to  tho  eye.  for  thej 
Itara  very  aniall  Tnriolious  of  the  niLmnth  •  of  the  priacipal  ■colion  of  tbo  onaly* 
linf  prvtn-  Tha  vonatioaa  of  tint  arDmoit  HOaiblo  iti  a  certtiu  viobeootis  hue  of 
tbo  estiaordinkry  inago;  bC'CftUM,  how«V«r  alightly  the  inJ«i  mmy  hr  turu«il  to 
tl)eri(hl  or  left,  tlio  unftge  puscmudd^nlyfroin  bluo  to  rc4  and  fiom  r«d  to  bluo. 
TUa  Butitnlnr  tint  biu  becu  Ado|itci  by  a!l  ciptrimotitcra,  and  \*  gcnf rally  eallod 
tba  mt  ^ porinfff,  or  trniibU  iml. 

TkawUla  licbi  of  ihe  lun,  »ii(l  itarticalkrly  tbot  iranimlttetS  ibrouKb  wUdili 
oloodi.  eaa  ihcraforc  be  ubuJ;  tDi)  in  tlio  oompari^oQ  of  th«  molecular  roUUry 
pQVNa  of  varioua  ao^TO  nedb.  flio  formulit 

can  ba  applied,  in  whloha  la  the  deriation  of  the  Indei,  la  wbl<A  the  tlnl  of  paa* 
race  baa  bcpn  cbaerred.  Il  >i  imporbuil,  however,  to  reniurli  that  tlicgo  iiLeanurcs 
will  be  ciACI  only  if  the  while  light  ulod  ia  the  DbMrraliDn  i»  ainnya  c«nipoflrd  nf 
exactly  tbo  tame  dibIcHhIi,  and  tliii  proposition  in  not  ri  j-omnaly  oci^iirntv.  nt  all 
tlmaa,  ao  regard*  the  1i;clit  trannniiitrd  by  tbo  vault  of  hpovvn.  in  which  )>U«  ItRht 
HOPaorloaipredoaiiniilM.  It  would  he  ntill  moro  innrenruto  to  aulioiitut^  forthii 
tbo  light  of  a  lamp,  iho  compoaitian  of  which  differs  creatly  from  that  of  aotar  Uc1it> 
Thoraaiilt  luieht  alao  bo  Teiy  erroneoui  if  Ihe  meSa  were  oatonred:  for,  ta  that 
caao,  tboy  would  aot  ilIIow  the  xiinple  rnyo  to  pasa  in  Iho  tiroi>0Tt)0ii3  la  wliich  they 
tsiat  ia  white  lishtt  and  it  then  bcoomce  neccnury  tn  make  the  obeerrntion  wKli 
honogeneoB*  li^t. 

It  u  alwaya  aaefbl,  whoa  the  molccvlar  rotatory  power*  of  enbetaiMei  ar*  lo  be 
nownred  by  obaerrinit  the  lint  of  piutftago,  to  r>t>cir)ile  with  tabea  of  oultable  Itagtb, 
or  with  eelatlooa  ao  dilated  that  the  angular  ileeiatione  eorrtcpondln);  to  the  list 
of  Mjaage  iball  ilifftr  but  altgbily :  becuuBo  the  eoinpaaltloa  of  the  aemible  tfat 
dinra  rcmirliBbly  in  rery  diverno  nbaolulo  itovintiDna. 

Wahaie  rniloaioured.  in  the  iiri^iRcdinf  not*.  tORiToafeneral  ideaof  iha  ftp«eial 
action  whichcenaln  orKaaiosDbstjincn.cxvrt  on  polarited  1Iid>l-  The  reader  who 
may  deeire  to  Muily  thu  luhjoci  roo're  deeply  ehoald  conaull  the  meuiviri  of  M. 
Biot,  to  wbopD  the  dlicoTeryof  tbcae  iulcreatbgphcnDiiieaa,  and  theimppticatiea 
to  the  aliKly  of  «  «ast  imntbeT  of  cbemienl  phoaomena,  i)  due.     (See  jlaaaJM  dl 
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albumen  ia  procipiUitol,  on  the  coTitrary,  in  flakess  and  is  then  pur 
but  ha«  become  umolubte  in  irater. 

It  is  TDOTO  easy  to  prepnre  albumen  from  animal  liqaidn — for 
ampltf,  from  Berum  of  the  blood  or  white  of  egg — m  it  is  tbea  st 
cient  to  cvnporato  th(><te  liqnidit  at  a  temperature  below  122^ 
obtuin  it  in  the  form  of  a.  tranEparent  layer  rcscmblinp;  paste.    1 
substance,  finely  powdereil,  bIiouUI  be  trefttcd  with  ether,  and  tb 
Trith  alcohol,  wiiich  diesolves  the  fatty  substancos,  after  vhich 
reeidue  is  composed  of  aolullc  ulbumcn  mixed  with  salts.    A  pn 
albumen  is  ohtaiuod  by  pouring  into  the  while  of  egg,  or  thei 
ohlorobjdric  acid,  which  precipitates  the  albumen,  by  forming ' 
it  a  eearc«ly  soluble  compound.     The  prccipitato  being  sep 
and  trciLtcd  with  a  liuge  quantity  of  water,  which  TcaiswuTW 
carbonate  of  ammonia,  which  precipitates  the  coagolatod  alboiae 
ia  the  form  of  white  flulccs,  ie  poured  into  the  liquid,  and  the  pre 
pitate,  after  being  washed  in  water,  dried,  and  then  treated  6> 
ccesiTcly  with  water  and  alcohol,  furoishes  pore,  but  inaoluble 
bmnen. 

The  action  of  acida  and  alkalies  on  albumen  is  inferred  firom'' 
has  been  said  touching  the  nelion  of  the  same  substances  on  protetfl 
We  shall  merely  mention  the  difference  of  action  exhibited  by  pbfl" 
phoric  acid  in  different  degrees  of  hydration.     Monohydnc  phfl 
phoric  aeid  P0j,HO  coagmates  albumen  immediately,  while 
trihydrio  acid  P(>,,3H0  not  only  does  not  coagulate  it,  but  will  ■ 
diesolro  the  substance  precipitated  by  the  monobydric  acid. 

Albuuieu  forms  insoluble  compoutida  with  seTeral  metallic  Knit 
particnlarly  with  corrosive  sublimate,  for  which  reason  the  while  ■ 
eggs  is  uficd  as  an  antidote  in  cases  of  poisoning  by  thie  medicine, 
account  of  this  property,  also,  corrosive  sublimate  is  used  inthepr 
servation  of  aoatomical  specimens,  as,  by  combining  with  the  albumei 
it  prevents  it  from  putrefying,  and  keeps  worms  from  attacking  then 

Oluten,  Vegetable  Fibrine,  Gltam^  VegttabU  CWin. 

%  1280.  (ilatcQ  is  most  naily  extracted  from  the  cerealia, 
principally  from  wheat,  by  making  a  thick  paBte  with  wheat  fl< 
and  kneading  it  under  a  stream  of  water  until  the  water  is  no  loi, 
milky ;  when  the  water  carries  off  the  fecula  and  soluble  nutb 
while  a  glutinous  and  elastic  eubetance  remains,  which,  when  drii 
is  conrerted  into  a  yellowbh,  trunalucid.and  brittlemaBBfCOt 
chiefly  of  cluten,  but  containing  likewise  celluloM,  Mine  ffratue ' 
fecula  which  have  not  been  removed  by  the  water,  nnd  wVj  s 
stances  which  can  ho  dissolved  in  ether  after  the  dried  matter 
been  finely  powdered.  There  arc,  in  addition,  subslanocB 
can  1>«  removed  by  treating  them,  when  hot,  first  with  conceal 
and  subeequcntly  with  weak  alcohol  The  alcoholic  liquom' 
on  cooling,  a  subHtsnce  which  reaemhies,  in  its  composition  aoo 
mieal  properties,  the  casi:m  of  cheese,  for  which  reason  it  biA 
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'Mired  the  name  of  vegeCahU  eMi'm.  Th«  klcoholit  liquors,  on 
cooling,  deposit  after  evaporation  a  mibstuioe  called  p/ufin,  baring 
the  same  compoaitioa  as  albumen,  and  scarcely  differing  from  it  in 
its  chemical  properties. 

To  tho  BtiMtanoo  left  by  gluten  after  these  varioua  proce&aes,  the 
name  of  vigdahlefibrin  han  been  given,  nhich  aubatance,  in  fact,  pre- 
sents the  name  compoatioaaaamuial  Hbriii,  whicliit  closely  rcscimbles 
in  its  chemical  properties.  Vegetable  fibrin  combinej)  with  6iil- 
phuric  acid,  produoinj;  a  compound  soluble  JQ  pure  water,  and  which 
aiaeolTes  in  a  weak  solution  of  caustic  potasaa,  furtiuhing  a  liquor 
reaembliDg  in  its  properties  that  produced  by  animal  fibrin  nntler 
the  same  circumstances. 

Legamin. 

§  1281.  Legumin  is  extracted  from  peas,  beans,  and  lentils,  which 
coQtaiu  about  19  per  eent.  of  it.  They  are  chopped,  and  digested 
for  two  or  three  hours  with  tepid  water,  when  ilie  greater  part  of 
the  le^umin  dissolves.  In  order  to  extract  that  which  remains  is. 
the  pulp,  the  latter  is  washed  and  again  macerated  with  hot  water, 
ftnd  the  substance  being  cxprei<scd  in  a  cloth  and  the  liquid  filtered, 
the  Icgumin  is  prccipitikted  from  it  by  the  addition  of  acetic  acid. 
Some  of  tho  fatty  pnbstnneea  are  removed  by  treating  the  dried 
matter  with  ether  and  alcohol. 

Tlie  subHtauce  thus  obtained  resembles  starch,  when  it  has  been 
precipitated  by  aceUc  acid ;  and  when  dried,  it  forms  a  brilliant  and 
transparent  mass.  lis  ai^ueous  solution  is  precipitated  by  alcohol 
and  the  acids ;  and  it  dissolves  la  the  caustic  alkalieit,  which  appear 
to  have  no  effect  upon  it.  Its  composition  corresponds  to  the  for- 
moU  CmII„M„0„;  but  the  substance  to  which  the  name  of  leguroin 
has  been  given  Is  probably  a  mixture  of  several  substances,  which 
Jbav«  not  yet  been  separated. 

AMYLACE0D8  MATTER  C„H..O.r 

§1282.  The  namcufamyfaiTcoui 
matter  is  given  to  a  substanoo  which 
forms  rounded  grains,  varying  in 
appearance,  with  which  the  cells 
of  certain  parts  of  plants  are  filled. 
Tliat  extracted  from  jiotatoefl  is 
comiuouly  called  fecula,  and  that 
obtained  from  the  grains  of  the 
cercalia  is  known  by  the  name  of 
ttareh.  ^Vben  the  fecula  of  the 
potato  is  examined  by  the  mioro- 
seope.  It  will  be  found  to  consist  of 
ovoidal  granule*,  the  surface  of  each 
Fis.  668.  of  which  exhibits  a  particular  point 

Sol 
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a,  the  Jli{7irm,  around  vliich  tfae  eubgtance  is  arrange^l  in  ooncvn* 
trie  lajcre. 

On  the  siiifnce  ofeachgranulo  cutvm  can  l»e  pfr«cived,  which  i 
round  the  Iiilum  conccntricoU^r,  sad  with  apparent  rrgularity. 


Fig.  6M. 


Fig.  OGO. 


ono  of  thpso  grains  be  strongly  comproascil  between  two  plates  of  • 
glws,  it  Ircaks  juto  several  pieces,  (fi«.659,)und  ull  the  phinci 
ruptorc  generally  pass  llirouc]!  the  hilum,  as  if  tho  sabetanot 
less  reai^litnt  at  this  puint.     Each  grain  is  forneil  by  the  snpi 
sitJOQ  of  a  great  nuiUDer  of  very  thin  pellicles,  which  BORioliniw  a; 

peur  iaimcdiatvly  in  the  broi 
gntnitk«.  They  cttn  aliraya 
phown  by  heating  the  fccnlo 
iiiti",  a  temperature  which  ^e 
iu  disaggregation,  ud  tlit 
iiitjistoniugth^m  withwau>r,wlil 
tho  granules  swell  considcraWj 
and  the  pellicles  which  rumi 
iliem  separate.  Fig.  *i(iO  npt 
M:-tit»  u  grain  of  potato  fcculi 
which  hna  lipgun  to  exfoliaU 
Tlie  pellicles  may  be  render 
will  more  visiblo  under  the 
croacope,  by  moieteniDg  the 
'**      '  with  an  ii'pienTis  whi'i 

dine,  which  turns  thci; 
blue.     Twogmin.i  nn 
ly  united  together,  "ati  ■  ■ 
licleit  of  ainylaceonK  mnttcr 
depo.iited  on  the  united 
thui«  forming  a  sln^zle  irr 
grain,  having  two  liila. 

Hy  Intur&tingH  umall  qnuit 
of  focula,  for  a  long  time,  il 
roush  mortar,  the  ^rciitcr 
of  tne  granulcsare  bur^t.andl 
the  brolten  groins  be 
by  the  microecope,  no  « j 


?ig.  662. 


of  li'^iiid  can  be  recogni^cu,  and 
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portion  of  the  sabetaDc«  can  be  disaolred  in  cold  wtter.  The 
entire  grain  ia,  therefore,  formed  of  solid  matter,  and  contains  no 
gnmmy  floid,  as  wafl  long  supposed. 

The  hilum  is  not  alnajH  as  iipparent  in  the  amylaceoos  gra- 
nnlea  of  other  vegetables  as  in  those  of  the  potato,  nnd  can  fre- 
qoentlj  onlj'  ho  nliown  ly  desiccation,  which  produces,  at  this  point 
of  the  grunules,  a  greater  contruclioii  than  at  thf  other  points, 
and  a  depression  which  can  Ic  immcdintcly  recognised.  The  isym- 
metrical  arraiigenicut  of  the  amylaceous  molecules  around  thchiJum 
ia  porticolurly  evident  on  cxtimintng  by  the  microscope  potato  fecula 
illuminated  by  polarized  tight,  (fig.  uOl,)  and  iuterpusiug  a  rhomb  of 
Iceland  8por  between  the  object  and  the  oy«,  whon  a  black  cross,  of 
which  the  ceiitro  is  lust  in  the  hilum,  is  oDserred,  analogouit  to  that 
produced  under  the  enmc  circiimstaiices  by  thin  plntos  of  cryetal 
of  the  same  axis,  cut  perpendicularly  to  lliis  axis.  Fig.  (JGl  repre- 
sents the  same  grsina  of  fccida  as  ng.  tJ58,  but  seen  with  polanxed 
""  cht. 

The  amylnceouB  grainn  of  bo- 
veral  vegetables  exhibit  a  pecu- 
liar appeiu-ajicc  which  enables  na 
experienced  I'vo  to  recognise 
immediately  the  vegetable  to 
which  they  helong.  This  fact 
is  easily  proved  by  figs.  1558, 662, 
663,  and  0(J4,  which  represent 
iiiuylaceous  grains  of  various 
kinds,  seen  by  the  microscope 
and  illuminated  by  natural  light- 
In  fig.  658  there  are  groins  oTpo- 
tato  fecuia ;  in  fig.  (J6'2,  grains  of 
wheat  atarch ;  in  fig.  6ti^  ore seea 
the  amyIac<oi«  grains  of  p«i», 
(ibo  grains  a  belonging  to  aried 
poaSf  and  ^^*>  grains  b  to  gr««n 
peas;)  and  lastly, fig. t>^4  repre- 
sents tlie  starch  from  IndJao 
corn.  Potato  fecula  is  stiU  more 
en-sily  distinguished  from  other 
fL'cuU  -when  swn  by  polarized 
lifzhi,  us  it  ii  the  only  one  which 
exbiUw  in  this  ca.te  a  well- 
miirketl  hlaelc  crocfi,  (fig.  061.) 
By  this  character  it  i«  possible  to 
discover  by  the  microscopo  if 
wbealfluur  h»a  been  adulterated 
with  potato  starch. 
Fif.  CM.  The  absolute  lUEe  of  omyU- 
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ceoiu  grains  T&ricn  greatly  in  different  vegetables;  and  tbo  follow* 
ing  table  gives  Che  estreme  tengtli  of  the  granules  extracted  Croat 
some  of  tbem : 

Granules  of  potato 0.185  moi. 

«            Wiut 0.075 

"           aago 0.050 

"           wlieat 0.045 

**           Bireet-potato 0.040 

"           Jndiuicorn 0.025 

«           millet 0.010 

"           parsnip 0.007 

"            mangeVwursel 0.004 

The  grains  of  potato  starch  arc  collected  in  particular  oells,  oearl 
as  in  seen  in  fig.  tJfJ5,  which  rfprescnta  some  full  cells. 

5 1288.  The  amylaceous  matter  eitracted  from  variooe    _ 
bira  presents  exactly  the  name  chemicul  composition,  wliicb  is  ido 
tical  with  cellulose,  when  the  two  substances  have  been  dried  uad 
the  aaiao  circumstances.     Amjlaccous  matter,  dried  in  TBOva 
284**,  ODDtaimi 

Carbon 44.44 

Hydrogen G.16 

Oxjeen ■  49.88 

100.00 

•which  oompoaition  corresponda  to  the  formula  C„H,oO,o;  altht 

it    is    generally     ad[ 
that  1  equivalent  of  oxys 
and  1  equivalent  of  hyc 
gen  exist  in  it  in  the  &t 
of   water,  notwit' 
that  this  water  oa 
driven  off  without  ii 
lithe     amylaeeooA     matt 

■-Uli'lisJimW  T^^iiilM^^M        'nil  1 11  have  therefore  . 

eigiiod  to  the  subetanea  i 
pused  to  bo  nnbydroufl 
formula  C(,n,0^  and 

formula  C„H^O^to  tl 
^'K  665.  ,]j^^  jn  Yj(^o  at  284*. 

Arajlaeeous  matter  may  exist  in  different  Btate«  of  bjdrat 
and    feculi).  wilh   only  1  equivalent  of  water,  forms   a  T«-y 
powder,  rapidly  attracting  the  moisttire  of  the  air;  but  irfa«a 
poned  for  some  time  to  air  which  is  far  &oni  ita  state  of  ftaturatic 
it  increases  11  per  cent.,  by  absorbing  2  equivalents  of  water. 
same  state  of  hydraticH)  is  obtained  by  drying  the  most  hydrmt 
fectila  in  vacuo,  at  the  ordinary  temperature.     In  moister  air,  it  alH* 
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eorbs  still  2  cqiiivalenw  of  •wotcr,  «n<l  then  contams  18  per  cent.  *f 
it;  anil  lastly,  in  air  8atur»tc<i  vritb  rooiitturo  it  amy  Blill  absorli  tt 
«qiuvBl«nt?.  89  that  it  will  contain  iii  all  G  equivalents  or  85  per  cent. 
of  water.  Ill  Ibis  atiitc  of  liYilratiuii  tlie  ;:rAin.<)  mlhcre  remarkably 
to  each  other,  and  the  eubslanco  is  ouaily  euuiprcBfted  iolo  balls. 
MoiJtt  fccnltL,  recently  extraotcd  irum  tlit;  luberi',  and  merely  tiopft- 
ratpil  from  ita  water  of  conibinution  by  tbu  absorbent  action  of 
piaster,  retaioi  45  per  coat,  of  vratvr,  luid  ia  called,  in  commerce, 
green  fecuia. 

Fccnla  perfectly  dried  in  \-acuo,  nod  then  exposed  to  a  tcmpcra- 
tare  of  5-tl}°,  a^iauniea  an  amber  colour  without  lotting  any  of  its 
VMgbt;  hat  not  without  bfiinj;  g;reatly  modified,  and  truufonncd 
into  a  substance  of  the  ^amc  chemical  compositiun,  but  very  aolitblv 
in  water,  and  kunwr  by  the  ntuno  of  Avtrin.  When  tlio  fecid* 
liiM  DOC  lieeu  previously  dried,  this  trandforoTation  i^  effected  at  a 
lower  temperacnrc,  and  it  is  still  more  rapid  when  hcat«d  in  a  lube 
hermetically  scaled,  preventing  the  evaporation  of  the  Water4 

If  water  contaiQing  1  or  2  hundredths  of  fccula  be  boiled,  the 
latter  tl^Tclia  aad  separates  so  as  to  appear  to  di&iiulve  iu  the  watery 
hut  if  llie  liquid  be  then  exposed  to  a  t«iiiperanire  below  dS**,  it 
freezes,  and  the  amylaceous  matt«r  becomes  to  a  certaiu  de£re«  l^ 
gregated,  and  separates  from  the  liquid  in  the  form  of  email  pelu* 
ctos.  AVhcn  fecuia  is  ddtited  with  12  or  16  timca  its  weigbt  of 
water,  the  tempcrnture  of  which  is  slowly  raised,  all  the  grams  ex- 
foliate on  approachin*  the  boiling  point,  and  swell  to  snch  a  degree 
as  to  occupy  nearly  the  whole  volume  of  the  liquid,  thus  converting 
the  latter  into  a  gelatinous  paste,  which  is  used  for  pasting  paper. 
The  fecuia  swells  also,  even  in  cold  water,  if  1  or  2  huudrvdths  of 
caostie  polasi^a  or  foda  be  added  t^  it. 

Sulphuric,  chlorohydric,pho»pboric,  and  nitric  acid  also  produce, 
vbeo  cold,  the  swelling  and  diiiaggregntioi)  of  the  amylaceous  gra- 
nnlee ;  the  diaa^teregiUion  being  very  rapid  if  the  acid  liquid  con- 
tains at  least  O.ti  of  real  acid,  while  it  follows  iu  time,  even  when 
the  quantity  of  acid  la  very  small.  When  dilute  acids  are  made  to 
act  on  fitarcb,  at  the  temperature  of  212^,  tho  amylaceous  matter 
is  BOOD  disaggregated.  Icing  converted  first  into  dextrin^  and  then 
into  a  sugar-like  aubstancc,  tflucMc,  which  both  exert  rotation  to* 
ward  the  right.     We  ghall  again  recur  to  this  remarkablo  actioD. 

When  an  aqueous  solution  of  iodine  is  poured  upon  fecuia,  the 
latter  turns  of  a  beautiful  blue  colour ;  and  the  same  di^coIorntioQ 
ia  produced  on  starch  in  the  state  of  paste,  and  even  in  the  water 
in  which  it  has  been  boiled.  The  colour  changes  with  the  more  or 
less  advanced  stage  of  disaggregation  of  the  fecuia,  and  becomes 
insensible  when  the  fecuia  has  assumed  the  condition  of  dextrin 
soluble  in  water,  even  when  cold.  When  water  is  heated  coutaiu- 
ing  fecuia  coloured  by  iodine,  the  blue  colour  disappears  com- 
plBtcly  M  x><3i>  ^  the  temperature  reaches  lOO.S",  and  does  not 
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renppear  at  a,  higher  teuiporature  ;  bni  on  allowing  it  to  cool,  tli6 
colour  r«appeAre.     TbcHo  effects  may  bo  reproduced  &oreral  thnUj 
but  the  inteneity  of  colour  Ivseeos  each  time,  because  a.  portion 
the  iodine  in  vaporised. 

lodinited  Btarcb,  fiuspcndod  in  iFator,  is  bleached  by  the  actii 
of  eolar  liffht,  the  iodino  being  then  converted  into  iodic  and  h 
drio^lic  acid.     A  few  drops  of  cliloriiie  will  causc  the  colour  to 
appear,  because  they  decompose  the  lijdriodic  aciiJ,  and  B*t  nt  libcrtT 
the  iuJiDi?,  which  again  seeks  the  atarch.     Alkaline  aolutions  ail 
blencl)  iodinaccd  starch,  by  attacking  the  iodine,  and  the  additii 
of  an  acid  restores  the  colour. 

Neither  acetic  ncid   nnr  atnninnia  act  on  fecnla;  vbile 
nitric  acid  combines  irilh  aWTlaceous  tnattor,  and  f<»mB  4  com, 
innolublo  in  water,  ralle<l  rtjhidin,  which  is  regarded  as  a  com 
nation  of  1  equivalent  of  amylaceous  matter  and  1  etiuiTalent 
nitric  acid.     If  the  nitric  acid  be  hot,  oxalic  acid  ia  immediat< 
obtained. 

When  fccula  ia  ground  with  a  concentrated  aotntion  of 
potoB^a,  it  ia  coni'erlt'd  into  a  subBtanoe  which  dissolves  in 
water ;  and  when  a  Holahlc  nalt  of  baryta  or  lime  ia  poured  into 
solution,  precipitates  are  obtaiiieJ,  which  are  compounds  of 
amylaceous  matter  with  baryta  or  lime.     By  treating  the  prea 
tates  with  an  acid,  the  umylacGOus  matter  la  agam  iaolsted,  and 
latter,  in  bowcror  ocparutcd  a  form  it  may  exist,  \a  again  co? 
blue  by  iodine. 

Chlorine,  in  the  presence  of  water,  acts  powcrfoUy  on  fccula,  a 
ultimately  trausfonus  it  into  carbonic  acid  and  water.     Com 
trated  solutions  of  the  b}*pochloritcs  produce  the  eamc  effect  at 
temperature  of  212°. 

Cellulose,  the  chemical  composition  of  which  is  the  same  aa  tb; 
of  amylaccouB  matter,  is  not  coloured  blue  by  a  solution  of  iodtns| 
which  reaction  easily  distinguishes  the  two  substances  in  the  iui< 
fioopio  stody  of  the  organs  of  vegetables.     But  wheu  ocllutosa 
been  brcvghc  into  contact  for  a  few  moments  with  f^nlphuric  acid, 
has  acquired  the  property  of  turning  bhie  by  iodine  ;  a  fact  whii 
seeau  to  prove  that,  by  the  influence  of  sulphuric  acid,  celti 
ptMCS  into  »  state  in  wliich  it  exhibits  the  properties  of  amy' 
matter. 

\  1284.  In  order  to  extract  feeuls  from  potatoes,  the  tubers  aro 
reduced  to  a  pulp,  by  means  of  a  grater,  which  dcatroys  their  cc! 
and  th<>  pulp  is  Uien  exposed  to  a  current  of  water,  which  remorcs 
the  fccula  and  rnnvcys  it  into  a  proper  receiver.     The  fecnla  )S 
mixed   with  a  small  ([uantily  of  cellular  Ufsav,  which  is 
removed  by  fresh  Icvigation  ;  for  the  graiiu  vf  fccula,  on  acooi 
of  their  rounded  form,  fall  to  the  bottom  of  the  water,  while 
pcllicicfl  of  ccUolosc,  remaining  longer  in  aospcnflion,  form  the 
perficial  layer  of  the  deposiu 
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AVhoBt  Btarch  is  made  in  the  same  manner,  b;  vorkbg  a  puto 
of  flour  under  a  stream  of  irater,  as  in  the  methoil  of  depurating  the 
glatcn,  (5  1280;)  when  the  water,  after  being  allowed  to  rest,  de- 
posits the  starch  it  held  in  Hiupension,  If  flour  moistened  vith 
crater  be  exposed  to  the  air,  it  eoon  putrefies,  but  the  nitroKenoxiii 
matter  alone  i»  decomponed  and  changed  into  Rohihle  products;  so 
that,  if  the  deposit  be  irashed  after  eome  time,  the  starch,  mixed 
with  a  small  quantity  of  cellular  tifiiue,  cnljr  rpmains.  The  putre- 
faction of  the  gluten  is  haatened  bv  pouring  on  the  flour  the  water 
arising  from  a  previous  operation,  which  is  called  the  methtr  liquid 
by  manufactnrere  of  etarch. 

Jnulw  C„H„Ou,. 

%  12$5.  Certain  roots  contain  a  peculiar  substance,  tnuUn,  liaving 
the  same  composition  as  amylaceous  matter,  and  appearing  to  play 
the  Bame  part,  while  its  rotatory  power  is  toward  tne  left,  contrary 
to  that  of  amylaceous  matter.  Imilin  ia  generally  extracted  from 
the  root  of  the  elecampane,  {invla  heUnium ;)  for  which  parpoM 
the  brained  roofs  arc  digested  with  boiling  water,  and  the  solution 
clarified  with  white  of  egg  ;  when  the  liquid  deposita  intdin  on  cool- 
ing, in  the  ohapc  of  a  white  powder.  'I'his  nnbstance,  which  is 
almost  inEoluble  in  cold,  dissolves  freely  in  boiling  water;  and  if 
tlio  water  be  boiled  for  a  long  time,  tho  intilin  is  changed  into  a 
Eugar-like  BubHtauee.  Inulin  dtseolves  readily  in  acids,  but,  at  tho 
botlin^  point,  it  is  more  rapidly  converted  into  sugar,  without  any 
change  in  the  direction  of  the  rotatory  power.  Boiling  nitric  add 
COttfVrte  it  into  oxalic  acid,  which  transformation  is  probably  ef- 
fected  only  after  intermediate  stages  of  condition  which  have  not 
yet  been  observed. 

Lkhftiitt  C„H^O„. 

§  1286.  Several  species  of  moss  and  lichen  contain  a  stibstancc, 
called  lleheniii,  of  llio  same  composition  as  amylaceous  matter,  hut 
differing  from  it  in  scvern!  points.  It  U  generally  obtMned  from 
lo^and  mow,  by  digesting  ihe  chopped  mnea  for  24  hours  with  20 
tines  its  weight  of  cold  water,  to  which  a  email  quantity  uf  car- 
boOBt«  of  Boda  has  been  added,  and  repeating  the  washiiig  until  the 
water  is  altogether  free  from  bittemext!.  1$e  mom  is  then  boiled 
irith  ten  times  its  weight  of  water,  and  the  boiling  li()uid  eipres«ed 
in  a  cloth ;  when,  on  cooling,  it  becomes  a  transparent  jelly,  which, 
after  being  dried,  is  a  transparent,  hard,  and  brittle  mass,  soluble  in 
boiling  water,  from  which  alcohol  precipitates  it.  If  a  eolation  of 
lichenm  be  Iroilcd  for  a  long  time,  it  is  no  longer  preei[ntated  by 
coding,  and  Li  converted  into  a  gummy  aubatancc.  Lichenin  di»- 
BOlves  readily  in  acids,  which  convert  it  into  HUgar  at  the  boiltBC 
point;  and  when  heated  with  dilute  nitric  acid,  it  yields  oxalic  ad£ 

Oelatinoos  lichenin  is  coloured  blue  hy  iodine. 
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§  12S7.  Ccrtuiu  suWunces,  as  yet  imperfectly  understood,  whiclt 
is3ne  from  trees,  «r«  culled  gum».  Their  Dlenieiitary  eumpoHitioii  u 
the  sainu  u^  tliut  uf  lunvUccous  matter,  but  they  ilifTrr  from  it  ID 
8«v«ral  of  tlieir  chomtcal  nrnpcrtics :  thus  amylaceoos  matter  forms 
oxalic  with  nitric  acid,  while,  under  the  same  circumstAUces,  gauu 
produce  both  oxnJic  snd  a  peculiar  acid  called  mucie  acid. 

Qmas  may  be  divided  in  three  species : 

1.  Gum  arable,  or  arahin. 

2.  The  (*um  of  our  indigenous  fruit-trees,  or  cera»i». 

8.  Gum  tragacanth,  of  which  the  eiuetitiut  principle  has  recelred 
the  oamc  of  hoMorin. 

Gmn  arabic  issaej<,  in  tho  farm  of  a  riacous  Bolutioa,  from  certain 

Siecnee  of  acacia,  and  after  souio  time  the  substance  coagulates  and 
ries  on  tho  tree.     Largo  quantities  of  thia  gum  arc  imported  from 
Senegal. 

Gum  arabic  ia  found  in  atniill  round  maaiM,  having  n  concboidal 
and  vitreuun  fraetore;  and  its  tuste  is  swcetidi  and  nearly  bsipid. 
It  dissolvea,  in  indefinite  proportions,  in  tcatcr,  imparting  to  its 
peculiar  consistence,  called  gummy.  It  tlisaolvcs  slowly  iu  cold, 
and  rapidly  in  boiling  vatcr;  and  tho  liquid,  when  evaporated,  be- 
comes more  and  more  tbiclf,  and  finally  solidifies  into  a  tranvpareu 
mass,  which  presents  mi  tracw  of  crystallization. 

The  purest  ;5um  arabic  of  commerce  lias  always  a  slightly  yellow- 
ish tinge ;  but  it  may  be  made  perfcclly  CDlourlcss  by  passing  ■ 
chlorine  through  a  hoilint;  .<K)lution  of  gum  and  drying  the  sulnitanvoi 
Gum  arable,  being  insohihle  in  alcohol  and  ether,  is  precipitated  j 
from  its  aqueous  solutions  when  alcohol  i»  added ;  which  method  ti  ■ 
BOmetimcs  ndoptod  in  proxiinnte  analysis  to  Bcparato  gum  from  I 
smears,  which  dissolve,  on  the  contrary,  very  readily  in  dilute  aIoa*j 
hoi.  The  aqueous  solution  of  gum  arable  exerts  a  rotatory  poneFJ 
toward  the  left.  J 

Gum  arabic,  dried  in  vacuo  at  2()6%  exhibits  (he  same  clementarTJ 
opODOLposition  aa  amylaceous  matter  dried  under  the  same  cirettiii;i 
wttgawij  and  its  fonnuhi  is  therefore  C,,  II,^  0^  or  a  multijde  6X-\ 
it.     Canstio  potassa  coagulutca  a  concentratcu  solution  of  gam] 
arabic;    but  if  tbc  solution  is  diluted,  no  precipitate  is  formedfl 
although,  by  afterward  adding  alcohol,  a  compound  of  gum  with 
potasea  is  formed.     Subacetato  uf  lead,  poured  into  a  solutiwu  of 
gum  arabic,  yields  a  white  precipitate,  of  which  the   formula  is 
PbO,C,^„0,o.     Under  these  circumstances,  therefore,  gum  arubiai 
behaves  like  an  acid.  1 

Cold  Bulpburic  acid,  introduced  into  an  aqticoos  solation  of  guml 
arabic,  slowly  inverts  its  primitive  rotatory  power,  and  changes  it 
from  the  left  to  the  right ;  thn  inversion  cnemng  more  rapidly  when' 
assisted  by  heat ;  and  if  tho  liquor  be  boilvd,  the  gum  thus  nioc ' '   " ' 


1*9  finally  converted  into  a  fermentable  sugar,  vhicb  also  exerts  a 
rotatory  power  In  the  l&tler  ilirection.  The  tmniirornuitton  is 
eSeotccI  by  passinf*  throu^^h  a  series  of  istcrmediate  states,  which 
may  be  ohseired,  by  saturating  the  Rci<1  vith  chalk,  and  precipitat- 
ing by  alcoliol  the  alr^dy  parlially  modified  eubsiance. 

Cherry-trees,  pluin-tree--'.  ami  varimis  other  fniit-trecs  cxudo  a 
Wscoufl  mitttvr.  which  solidifio<;  in  the  air,  and  pruduece  a  gnm 
called  eeraein,  probitbiy  a  mixture  «f  several  substances.  It  bwcIU 
in  cold  water,  and  dissolves  with  ilifGcuhy ;  hut  nhfu  boiled  for  a 
long  time,  a  considerable  portion  of  it  dissolves,  and  the  dlsdolred 
portion  cloflely  resciubles  arabin. 

G«m  tracacanth  flows  from  certain  vegetables  of  the  genus  atira- 
galu»f  wliich  are  ciduvated  ditefly  in  tiie  East:  it  exii-les  in  the 
shapo  of  a  veiy  thick  gummy  juice,  which,  on  nolidifyinj,  fovms 
snuul  oontorted  strips.  This  gum  \s  aim  probaUy  a  mixture  of 
■averal  rabBtances ;  and  the  name  of  banorin  htis  been  given  to 
thftt  which  predominates  and  ie  regarded  aa  its  essential  principle. 
BoBSorin  doeji  not  dissolve  in  water,  even  nt  the  boiling  point ;  bat 
H  gwella  and  is  converted  into  a  gelatinous  substsnco.  It  dissolvcB 
ramdly  in  the  alkaltoH;  while  dilute  sulphuric  acid,  .it  the  boiling 
point,  converts  it  into  glucose. 

Cerasin  and  hassorin,  when  treated  with  nitric  acid,  yield  a  mii- 
tore  of  oxalic  and  mueic  acid ;  the  formation  of  which  latter,  which 
is  easily  proved,  because  the  acid  ii*  insoluble  in  cold  water,  is  a  very 
well-marked  charactoriBtic,  by  which  gums  may  bo  distinguiahed 
from  amylaccoos  matter. 

Iodine  does  not  colour  gums  when  they  arc  pure  j  and  when  gnm 
tragacanth  aswimes  a  blue  tinge,  it  is  easily  seen  that  this  ariaca 
from  the  presence  of  a  Hmall  quantity  of  fccnla. 

K  VegetahU  Mutnlagt. 

B  $1286.  Many  groins,  such  as  flaxseed,  and  many  leaves,  stems, 
%id  roots  of  vegetables,  as  the  mallow,  marsh-mallow,  borage,  etc. 
etc.,  when  macerated  in  cold,  or  better  still,  in  boiling  water,  yield 
gammy  and  strinpy  lifinids,  in  which  alcohol  produces  a  gclatinons 
precipitate,  the  nature  of  which  has  not  been  well  aBcertained.  The 
general  name  of  vcgetafile  mueiJage  has  been  given  to  thc-f<'  snb- 
stanees.  The  mucilage  of  flaxseed  presents,  when  dried,  the  same 
elementary  composition  te  amylaceous  matter  and  goms. 

K  SU0AB8. 

|12S0.  Suyam  are  subslaiieea  solnble  in  water,  having  a  sweet 

taete,  and  popscssitig  the  property  of  being  converted  into  alcohol 

and  carbonic  acid,  when  left  in  contact  with  certain  nitrogenous 

oi^uiic  sabstanccji,  called  ^eattt,  or  leaven.    Sugars  oro  widely 

diffused  through  the  vegetable  kingdom ;  and  three  principal  spe- 

defl  bare  been  dititinguiehed  by  chemists. 
Vn.  11.— 2  P 
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1.  Cane-sagar. 

2.  Grape-augar. 

8.  The  ancTystnllizable  tingar  of  fruits. 
The  first  species  is  perfectly  irell  knoirn,  vliile  the  others  are  \tm 

bo;  and  vhen  their  properties  are  more  Accurately  asoertaitiod, 
they  'will  probably  be  BubiUrided.  A  cryst»lli]inble  subetaDoe, 
mtgar  of  milk,  ia  also  found  in  tbe  mtlk  of  aninialn,  and  ahould  b« 
claoed  unoDg  the  sugars,  from  the  definition  we  have  just  given  of 
these  substances ;  but  ire  Bhall  reserve  il»  exumiiiation  uotiL  the 
study  of  the  fluit^  of  the  animal  economy  uliall  occttpy  our  atteD- 
tiou.  In  their  corupoiution,  sugars  prenent  this  remarkable  fiwt, 
already  i«markcd  iu  other  substances,  that  their  hydrogen  ana 
oxygen  cxint  in  exactly  the  proportions  vchicb  form  water, 

Cane-fugar  C,,n„0„. 

§  1290.  Cane  sugar  exists  in  solution  in  the  juice  of  a  large  aun- 
her  of  vegetables ;  and  may  be  ^aid  to  be  fuuud  iu  all  vegetablw 
the  juice  of  which  is  not  acid,  as  acids  react  powerfully  oa  cane- 
sugar,  and  convert  it  into  fruit-sugar.  Cane-sugar  is  also  abun- 
dantly found  in  the  sugar-cane,  the  sagar-bcot,  melons,  turnips, 
carrotti,  the  stalk  of  Indjan  cum,  tho  a&ci-nding  sap  of  tbo  inuplf. 
the  dc&c(.'udiiig  sap  of  the  birch,  and  in  a  great  number  of  truptcal 
fruits,  ua  thu  cocoit-nut,  puicnppk',  etc.  etc.  It  ia  principally 
derived  frum  the  augur-canu  &iid  sugar-beet ;  and  largo  i|uaQtitieB 
arc  aUo  extracted  trom  tlio  sugar-maple. 

Very  piu-fl  cano-sugar  ia  found  in  commerce,  cither  in  tlie  fona 
of  large  cotourlcsiB  and  transparent  crystals,  cututtituting  tttgar- 
candy,  or  in  that  of  Email  crystals  adhering  to  cauli  other,  as  in  our 
common  loaves  of  sugar.  Cane-sugar  i^  inodorous,  pocMMOB  a  viry 
sweet  ta«te,  and  its  deusity  in  about  l.tiO.  It  dissolves  in  |'  of  its 
weight  of  cold  nnd  in  a  stili  smaller  auantitv  of  boiling  water ;  and 
the  solution,  when  conccntrutod,  proiluco^,  t>y  evapomtion  nt  a  low 
tempcrnturc,  beantiful  ory^ttvU.  It  disoolres  in  80  times  its  weight 
of  boiling  absolute  alcohol,  but  the  greater  portion  of  it  is  depooted ' 
during  coding  ;  nnd  it  may  bo  said  to  be  nearly  insohible  in  cold 
alcohol.  8ugar  die^olves  much  more  easily  in  slightly  dilated  aico* 
hoi,  for  4  part9  of  alcohol  nt  1S1..5^  will  disitolvo  1  of  sugar.  Caoe< 
sugar  melted  or  dl&solvcd  iu  water  torus  the  plane  of  polarisation 
of  polarlzi'd  light  toward  the  rigbt. 

Cnne-augnr  fuses  when  heated  above  820*,  forming  a  Tiscons 
mass,  flowing  with  dilBculty,  which  solidifies  into  a  transparent  inau 
having  a  vitreous  fracture.  This  mass,  rolled  out  ou  marble  tables, 
is  sold  under  the  uaitio  of  barle^-tugar ;  in  making  which  article, 
confcctionersi  arc  in  the  habit  of  adding  a  small  quantity  of  vine, 
gar  before  melting  the  sugar.  In  this  state,  the  sugar  is  vitreotts 
and  transparent,  but  in  u  »)iort  time,  espeoiaUy  if  the  air  havo  ic- 
CMS  to  it,  the  outer  layers  bocome  opake  and  fall  in  conse([uena) 
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of  tb«  oryeUllizatioa  which  takco  pUoo.  Mclt«<l  sagar,  kept  for 
some  time  nt  the  teiDpcralure  of  856^,  loses  tho  propertj  01  crvs- 
talUzing  when  redi&solTcd  in  Tater ;  aod  ita  ooustitBtion  ifi,  in  tcM 
case,  (lecpl)'  ullered. 

The  ooioposition  of  crjstnllJKod  cane-sugar  aod  that  of  barley- 
Bugar  corresponds  to  the  formuU  C„H,^0,,. 

If  conc-sngar  be  hpaicd  to  410"  or  428'',  it  loses  2  eqiiiv.  of 
water,  nud  is  converted  iQto  n  black  etibstance  called  earamely  of 
which  tho  formuhi  'is  confie<]uentty  C^II,0,.  This  ituhslance  is  deli- 
quescent, no  longer  taates  of  sugar,  i»  very  soluble  iit  water,  wliich 
it  tarns  of  a.  deep  hrnvrn  colour,  and  act«  the  part  of  a  weak  acid, 
dissotviiig  iQ  the  alkalies,  aud  fonuiug  black  prccipitatoa  vrith 
barrta  and  oxide  of  le:td. 

On  continuing  to  heat  caramel,  it  parta  with  more  Tster,  and  is 
converted  into  a  black  inaolublo  product;  and,  lastly,  if  the  tem- 
perature be  Btill  mified,  acid  products  and  iafiammablo  gaecs  are 
oiiwaga^cd,  while  a  puffy  bluck  coal  remains.  All  these  productit 
are  obtuiued  mix^d  wUcii  sui^ar  id  suddenly  heated. 

When  pounded  or  nibbcu  in  the  dark,  sugar  becomot  pboapho- 
reeieent;  uud  whcti  ^ratod  it  lias  a  t^ligbtta^te  of  burnt  sugar,  owing 
to  the  production  of  a  amuU  ijuontity  of  earamcl  by  the  elevation 
of  the  local  teinpcriiture. 

When  u  ijolatiou  of  cane-sugar  is  boiled  for  a  long  time,  the  Augar 
undergoes  alleralioa,  which  may  be  readily  obsoned  by  cxaiolmng 
the  sacccf^ro  effects  of  the  Utiuid  on  polarized  light.  It  first  loses 
the  properly  of  crystallizing,  and  closely  reBi-mblea  sugar  which  has 
been  heated  for  some  time  to  SoG° ;  which  alteration  is  effectually 
prevented  by  the  presence  of  a  small  quitntily  of  alkali. 

The  mineral  ncid^,  even  when  very  dilute,  and  the  greater  part 
of  the  organic  acid?,  alter  cuiic-augar  and  transform  it  into  a  sugar 
which  no  longei'  crygtalliiEes  as  formerly  by  evaporation,  and  which 
tnnis  the  plane  of  polarization  of  polarised  rays  toward  the  left. 
Thia  new  sugar  may  be  called  rugar  inverted  hy  acids,  and  in  m 
chemical  properties  it  closely  resembles  fruit-sugar.  Acida  which 
produce  the  name  trani-foi'ni.ition  undergo  no  coange  them!<elre«, 
and  are  found  intact  iit  the  liquor;  and  the  traosfomiatioQ  takes 
place  with  the  mineral  acids  even  when  cold,  and  much  more 
rapidly  if  the  temperature  be  raised. 

5  la91.  Cane-sugar  combines  with  hoses,  and  forms,  in  certaia 
eases,  crvHtiiilisuible  compounds,  called  laccharaten.  If  concentrated 
water  of  biiryta  be  poured  into  a  concentralcd  boiling  ftolutiOD  of 
sugar,  a  cryKtallinu  ani&a  of  sacubarute  of  baryta  is  deposited  on 
cooling,  having  for  it«  formula 

BaO-HC„H„0„. 

This  salt  bears  a  temperature  of  392°  without  decomposing  or 
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losiog  its  vatcr :  but  carbonic  add  readily  deoompoBes  it*  the  Bugar 
heing  redissolved  ami  carbonate  of  Ijaryta  precipitated. 

Two  coiRpounda  of  canc-Bugar  witli  lime  may  be  obtained,  ttc 
fiwt  of  which  ifl  prodaced  W  pouring  a  solutinn  of  Rajpir  upon  in 
CXCW9  of  sliikcd  lime,  ■when  »  compound,  vei-y  soluble  nhcn  cold,  is 
formed,  and  can  he  ecparatt-d  by  filtering.  If  the  limiid  bp  heated 
(0  boiling,  the  greater  pnrt  of  thie  compoimd  is  procipitated,  8iii«« 
it  prcscntti  the  rcmarkubic  property  of  boing  much  less  floIubt«  in 
hot  thao  in  cold  w»t«r ;  so  much  so,  that  it  ma^  eren  be  washed  in 
hot  and  ttcn  rcdiasolved  in  cold  water.  The  formula  of  tlus  uc> 
chelate,  wlieu  dried  at  212", 


IS 


8CaO,2(C,H„OJ. 

If,  on  tho  contrary,  hydrato  of  lime  be  added,  by  Btnall  quan- 
titifs  at  a  time,  to  a  concoutrat«(l  solution  of  cane-sucar,  until  no 
more  vnW  diHH>lTC,  and  then  alcohol  be  poured  into  the  1iqiK>r  at 
185^,  a,  saccbarate  of  lime  is  precipitated,  of  which  the  formula  in 

CaO,C„H„0„. 

SoIatioDs  of  saccharatc  of  Umo  bare  a  stronc;  alkaline  reaction; 
and  ihi?y  rapidly  attract  the  carbonic  acid  of  tne  air,  causing  the 
formation  of  small  transpor^nt  crysiols  of  carbonate  of  lime,  rcMm- 
blina  those  of  the  native  crystals  of  the  substance,  which  are  depo- 
sited on  the  »idc8  of  the  vessel  4?cntait)ing  them. 

If  finely  divided  protoxide  of  lead  be  digeaEcd  with  »  connrn- 
tratcd  solution  of  sugar  in  excess,  nn  inRolublc  Baccharate  of  le«d  i* 
formed ;  uiid  the  li(|uid  ctiutnios  a  small  (juantitv  of  oxide  of  lead 
ia  aolutirin.  The  Bnnic  insoluble  compound  is  obtained  by  pooring 
into  a  solution  of  sugar  acctnte  of  leaa,  which  forma  no  prccipiutc, 
and  then  ammonia,  which  pTccipitateit  the  saccharatc  of  lead; 
when,  by  ulluwiu^  the  liquid  utid  the  precipitate  to  rest  for  some 
time  in  a  liut  place,  they  assume  a  erystallino  sppearnnoe.  The 
composition  of  saccharate  of  lead  dried  in  racao  correspondbi  to  the 
formula 

2Pbo,c„n.,o„. 

By  being  heated  to  320°,  it  loses  1  eqtiiv.  of  water,  and  its  fa 
mula  becnniea  2PbO,C,jII,(>„;  and  in  both  states  of  desiccation 
yields,  -when  decompo-ie-d  by  sidf  hydric  acid,  a  stigary  liquor,  whi< 
by  evaporation  producc«  »iigar.     The  sugary  substance  has  iher 
faro  luidiTgouo  no  permaiieat  alteration  by  losiug  2  equiv.  of  wat 
and  it  i»  roa^onublc  to  suppose  then  tho  formula  of  anhydrous 
sugar  to  be 

0„H,0„ 

which  would  give  for  that  of  crystuUixcd  sugar 

C„U„0„2H0; 


and  the  fonnuUc  of  the  ucchoratos  are 

C„n,0„  BaO+2IIO, 

CuH,0„  CaO  +  2nO, 

2{C„lI,0,),8CiiO+4nO. 

By  evaporatin;;  a  conocatratcd  solution  of  1  part  of  aeo-salt  and 
4  pftrU  r»f  i;nnp-!'iij;7ir,  aT^alB  nf  siifrar-cinilj  are  first  formed,  bnt 
tbe  iiioth«r  liqui'l  snbaeqiWDtly  deposits  crystals  haviog  at  tho  same 
tirae  a  sweet  and  a  Baline  taste,  of  a  deliq^nescent  combination,  of 
irhich  the  formula  is 

NaCI,2(C„II,.0..). 

Cb!oridc  of  pnto^flintn  and  chlorohydrate  of  ammonia  form  simi- 
lar compuunUs,  wliicli  often  caus«  the  loss  nf  a  large  quantity  of 
sa^r,  in  iho  manufacture  of  beet-eugar,  when  the  ro«t»  contain 
much  eca-ttult,  as  in  tho  case  when  they  have  grown  near  t)ic  H>a. 
As  thci>e  compfluntln  arc  deUciaescent,  they  remain  in  the  mother 
liquid  or  in  the  mtilaxiteit. 

The  prcdoucc  of  so^ar  prevents  tho  precipitation  of  sevcraJ  me- 
tallic oxides  by  alkaliea,  wliich  iti  especially  evident  in  the  sen- 
qnisalts  of  iron  and  those  of  oxido  of  copper  CaO,  and  which  is 
readily  explained,  atf  the  hydrates  of  the  &i!!i(|uloxiil(i  of  iron  uuJ. 
oxide  of  copper  dissolve  in  a  solution  of  sugar  to  which  a  certain 
([oantity  of  potawa  has  heen  added. 

Concentrated  sulphuric  aci<l  blackong  cane-sugar,  and  yields 
complicated  products;  its  action  when  very  dilute  liaa  already  been 
described,  (§  12!)0.)  Monohydrated  nitric  acid  prodaoeH  with  sugar 
an  ineolnblef  very  combustible  aubatancc,  analogous  to  thai  yielded 
by  Ktarch.  Tlie  ordinary  nitric  acid  of  commerce  attacke  uiigar 
When  hot,  and  transfomia  it  into  a  very  Bolublo  and  duliijuvsccat 
acid,  to  which  the  names  of  oTalhydrie  and  oxynaecharic  acid  have 
been  given.  If  the  action  of  the  nitric  acid  bo  much  prolonged,  a 
great  deal  of  oxalic  acid,  which  is  &ial]y  converted  idIo  oirbouic 
ACtd,  is  formed  in  the  Uquor. 

At  the  boiling  point  sugar  reduces  several  metallic  salts;  it  pr*- 
cipitates  suboxiae  of  copper  Cu,0  from  tho  acetate  of  copper,  and 
metallic  copper  from  the  sulphate  and  nitrate  of  this  metal ;  and  it 
precipttateH  metallic  silver  from  the  nalution  of  nitrate  of  silver^  at 
thu  Mime  time  disengiiglng  products  of  the  oxidation  of  Bugar,  mch 
as  formic,  carbonic  acid,  etc.  etc. 

By  distilling  a  mixture  of  1  part  of  cane-sogar  and  S  parts  of 
quicklime,  in  a  glans  retort  scarcely  filled  to  one-half  nt  a  certain 
temperature,  the  mixture  swelb,  gaees  are  disongaged,  and  an  oily 
liifuid  can  bo  collected  in  a  receiver  properly  cooled.  The  liquid, 
shaken  with  water,  parts  to  it  with  a  product  C,iJjO  which  is  copi- 
oiuly  obtained  in  tho  tlistillatton  of  the  acetaten,  and  is  known  bj 
tbe  namo  of  ac^ne.    The  Uqaid,  exhausted  by  water,  dccomposea 
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ncarlr  wholly,  into  an  oilj  liquid  0,H,0,  boiling  at  188.2'^,  and 
caUea  metacetiine. 

Sugar  of  Add  Fruitt  0,^„0„. 

§  t292.  The  second  kind  of  sugar  found  in  TegetaLlw,  and  wliicli 
is  often  colled  ■uncryttatlisalfle  or  fruit-tugary  posscwes  tbo  property 
of  turning  the  plane  of  pokrixatiou  to  the  left ;  and  exiHta  exclti- 
eively  in  tlio  sour  Juic«8  of  vegetables,  principally  in  fruits,  u 
grapctt,  cominta,  cherries,  plums,  flc.  «lc.  In  ordtr  to  extrairt  it, 
th?  juici'  must  I>o  expressed,  the  acids  saturated  with  chalk,  the 
juice  b«jicd  with  wliito  of  egg,  wliicL,  bv  coagul»ting,  removes  the 
mucilaginous  substances,  ana  lastly,  the  liqnid  eva|)orat«d  st  a 
gontlo  licat.  The  substance  thus  obtained  prcecnts,  when  dried, 
the  appoaraucfl  of  gum,  being  very  deliquescent,  dissolving  largely 
in  water,  iiud  even  in  alcohol  at  91.40°,  while  it  is  insoluble  in  awo- 
lute  aloobol.  In  contact  vilh  yenst  il  ferments  immediately,  and 
produces  alcohol  und  i;aTboQic  acid.  It  is  found  already  A>nD«d 
m  the  ascending  sap  of  the  birch  and  in  the  descending  sap  of  the 
maple. 

Cane-sugar  is  readily  converted  into  this  second  species  of  sonr 
by  boiling  it»  solutions  with  dilute  acids,  which  transformation  also 
tolces  place,  in  the  presence  of  theae  acidic,  when  cold,  ae  well  as  in 
that  of  organic  acids,  such  an  tartario,  citric,  malic,  and  oxalic,  hut 
it  rciiuLTL's  u  much  longer  time.  Ctine-sugar  always  undergoes  this 
first  tninsformation,  under  the  inflnenco  of  yeast,  befor©  that  of  for- 
nitntation  propwly  ao  called,  that  is  to  say,  before  being  converted 
into  alcohol  and  carbonic  acid.  It  is  generally  adinitteil  that  the 
UQcrystaltizable  sugar  of  all  fruits  ia  identical,  although  this  is  by 
no  meaiis  clearly  proved,  and  several  varieties  will  probahly  he 
found  hereafter. 

The  chemical  composition  of  sugar  fuming  to  the  left,  dried  in  a 
water  bath,  corresponds  to  the  formula  Ci,H,,0„. 

When  n  syrupy  solution  of  this  sugar  in  allowed  to  rest  for  some 
time,  it  depositn  Bianll  crystalline  grains  of  a  Hugary  eubKtaiiec,  which 
lta«  been  called,  improperly,  grapr-tugarf  being  very  different  from 
the  Hugar  which  ]iroduced  it,  as  its  cumposiiion  diaers  in  eonlaio* 
ing,  iu  addition,  tho  elements  cf  2  cqutr.  of  water,  thus  m&ktng  its 
formula  C„H,jO„.  By  dissolvinc  it  in  water  a  llijuor  is  obtained 
which  is  also  very  different  from  that  afforded  by  the  non-cryetalline 
sugar  which  produced  it :  thus,  wliile  a  solution  of  the  latter  turned 
the  plane  of  polarization  toward  tho  left,  a  solution  of  the  crystalline 
sugar  turns  it  toward  the  right,  like  cane-sugar.  This  grooular 
sugar  differs,  moreover,  from  cane-sugar,  not  only  in  its  crystalline 
appearance,  hut  also  in  the  manner  in  which  it  behaves  with  various 
chemical  agents,  and  by  the  intensity  of  its  rotatory  power.  One 
of  tho  most  striking  differences,  and  one  of  the  most  easy  to  prove, 
U,  that  cane-sugar,  boiled  with  dilute  acids,  is  converted  into  sugar 
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taming  the  plane  of  [Hilariiatlon  toward  tlie  left ;  vhile  undor  ihe 
same  conditioQii,  grape-sugar  uiiitorgou  no  ehoDgc,  and  contiuQCS 
to  (urn  toward  the  right. 

Grape-tugar  C,sII„0^. 

S  1293.  We  hiivc  just  Reea  that  the  nyropy  solution  of  BUgnr, 
toriuDg  to  the  right,  yielded  by  eour  fruits,  as  well  aa  the  liquor 
obtuned  by  boiling  canc-»ugar  with  dilute  ni^iiU,  deposit,  after  a 
time,  »  sugary  subatauce  in  cryatalUnc  graine,  to  wltich  the  iiaue 
of  grnpe-HUgar  has  been  given.  It  is  the  Hiinc  substnnce  wbicll 
forms  the  vhite  poTdcr  on  dry  grapes,  or  raisins,  and  which  coa- 
etitutea  the  grains  of  sugar  founil  in  the  inside.  If  the  pulp  of 
theae  fnuts,  freed  as  niucli  as  possible  from  their  crysla-ltine 
granuk-3,  he  treated  with  wutcT,  a  solution  is  obtained  which  stltl 
contains  a  large  quantity  of  sugar  turning  to  the  left. 

The  urine  of  puticnLit  labouring  undi-r  a  peculiar  diKeaac,  called 
etei  mellittu,  or  tateharine  dtabetet,  eontaliis  sometimos  10  per 
cent,  of  a  eiigiir,  tlo  chemical  properties  of  nliioh  appear  to  be  idea* 
ticat  with  those  of  grape^ugar.  A  precisely  siinilar  sugar  is  oV 
taiftod  when  starch  is  boiled  with  a  weak  sulutioti  of  eulphuric  acid, 
and  the  nolulion  is  erapornlcd  after  having  bceu  Bslnruted  with 
chalk ;  which  speciefi  iit  gencmlly  called  gtu«c»e.  The  granular 
sugar  found  in  honey  appears  lo  he  identica.1  with  grape-sngar; 
ana  lastly,  the  some  sttgor  is  frequently  separated  i'rotu  prcstirves 
made  of  acid  fruits,  in  the  form  of  crysullinc  crusts;  in  which  case 
it  has  been  prodiiecd  liy  the  alteration  of  tho  cftDC^ugnr  used  to 
their  nianufaeturc,  which,  by  virtue  of  the  acids  of  the  truit,  is  ood> 
verted  into  uncryatallizable  sugar  turning  to  the  left,  tho  latter 
product  itself,  iu  lime,  changing  into  grape-sugar. 

Grnpe-RUgar  erystallirea  with  much  more  difficulty  than  eanc- 
sugor,  always  producing  a  compouttd  crystalUzatioa ;  aad  it  is  less 
soluble  in  water  than  cane-sugar,  far  it  requires  1}-  parts  of  cold 
water  to  di&9olvc  1  of  grape-sugar.  Its  taste  is  also  less  sweet. 
Grape-fiugar,  oa  the  contrary,  dimnlveH  somewhat  more  freely  io 
ftlcohol  than  can^siigar;  9A  1  part  of  it  dissolve:!  in  GO  parts  of  boil< 
ing  abKolutr  alcobr>l,  and  in  <'j  or  li  parts  of  alcohol  ot  141.40. 
SoluttoD.4  of  grape-iiugar  tuni  the  plane  of  polarizaliuu  lo  the  right. 

The  comptiKition  of  crystallixcd  grapc-sagnr  corrntpunds  to  tho 
formula  C,^,^0  . 

This  sugar  suftcDD  at  about  140°,  and  is  completely  liquefied  at 
212",  ut  which  temporaturu  it  loses  2  oquiv.  of  water,  and  i»  oon- 
rerted  into  a  new  eugar  of  which  the  formula  is  C„Ii  ,0,«  and 
wlijch  then  prcseutii  tho  composition  of  the  fruit-sugar  just  acscrihcd, 
a-lthough  it  continues  to  turn  polarized  light  to  tho  right.  This 
latter  sugar  loaves,  after  evaporation,  a  pitob-Iiko  mass;  but  if  this 
l>c  allowed  to  rest  for  some  titne  in  contact  with  water,  crjstals  of 
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grapo-eDgar  arc  formed.  If  gropc-sugar  be  further  btftteil,  it 
Broira  siid  coriverlcd  into  cnrainel. 

§  12!H.  Grftpe-nignr  combines  lose  readily  with  basce  than  caao-j 
sagar;  and,  vrnen  boilvil  with  ulkaliiic  solultous,  the  litjuor  ttunfll 
brown  and  cslalw  a  bihcU  of  bamt  sugar,  ncid  prodnct*  being] 
formed  which  combine  with  thv  allcali.     If  elakcd  Gmc  be  pourcdl 
into  H  »)]utioii  of  crBp<'-8i]gar,  a  Urge  niinntity  of  thf>  hnie  it] 
dissolved,  and  the  hquor  first  exerts  an  alkaline  rcBction,  but  ntj 
a  Inter  period  becomes  neutral,  nnd  carbonic  ncid  do  longer  forma 
a  preeipilutc.     The  »it;;ar  is  ibeii  converted  into  a  powerful  acid] 
called  ghtcie,  of  which  the  fonniila  is  C,HjOj,  and  which   formflj 
soluble  suits  vrith  ncurly  all  the  bo^es;  tbe  formula  of  glueaie  of^ 
lime  being  CaOiSCgH^O^+HO.    The  acid  may  be  inolatea  by  pot 
isg  oxalic  acid  into  gluca-te  of  lime  nntil  no  precipitate  is  thrownj 
(Unm;  when,  by  evaporating  the  sohition,  a  white  acid  is  obtaint " 
of  &  gnmmy  appearance,  very  soluble  in  water  and  delicpieMODt 
The  ncid  forms  with  oxide  of  lend  an  innolublc  salt  of  the  formxtll 
2PbO,C,H,0^,  which  is  prepared  by  pwiriiifi  Bubaootaie  of 
into  a  solution  of  glucatc  of  lime.     The  glucato  of  lead,  Ruspenr 
in  water,  U  readily  decomposed  by  flulfhydric  ncid.  and  yioldii 
glocic  acid. 

Glueic  aoid  is  aUo  formed  when  a  solution  of  cane  or  graj 
18  boiled  for  a  long  time  with  sulphuric  or  hytlrochloric  acid. 

When  a  solution  of  gluoic  acid  is  boiled  in  the  air,  the  liquid 
tarns  brown,  and  a  now  acid,  tailed  apogludc,  is  formed ;  and  bij 
saturating  the  liiinor  with  chalk,  utter  some  time,  acid  glucates 
apoglncates  of  Ume  are  formed;  after  which  the  liquid  is  r«dii< 
to  the  consistence  of  syrup  and  treated  with  alcohol,  which  diaaolvt 
the  acid  glucatc  and  leaves  the  apogluoato  of  lime.    IHio  latter  nit 
being  rcdiBsolvod  in  water,  is  treated  with  acetate  of  lead,  whi( 
yields  a  precipitate  of  apoglucato  of  lead,  which,  while  euspend* 
in  water,  is  decomposed  by  K^lfhy(h^c  acid,  and  yiebla  free  ap^ 
glucie  acid.    Anoglucic  acid  is  u  brown,  nun-deliuuoBceiit  iiubstano< 
which  readily  cUmoIvos  in  water,  but  very  feebly  in  alcohol ;  and  it 
formula,  when  dried  at  248*,  is  C,,H  O,,,,  while  that  of  anogluoa 
of  lead  is  PbO,CuH,0,.    The  same  acid  is  fonucd  when  somtions  i 
the  alkaline  glueaies  are  boiled  in  the  air. 

By  pouring  1|  part  of  concentmlcd  gulphurio  acid  gradualljJ 
and  by  Hmnll  niiaiilities  at  a  time,  upon  1  part  of  gnipc-$og,ir  tnelte 
at  211^°,  trou-ting  it  with  water,  and  la.stly  saturating  the  liquor  wit 
carbonate  of  baryta,  a  large  proportion  of  the  baryta  remwns  in  tli 
state  of  insoluble  sulphate  of  baryta,  white  the  liquid  contains 
soluble  salt  of  barytn,  the  tnlphoaaecJMTote.     If  enoacetate  of  I 
ryta  be  poured  into  this  liijuid,  a  preoipitnte  of  stilphoaacchamte 
lead  ia  formed,  of  which  the  formula,  when  it  has  been  dried 
888",  is  4PbO,C«H,O.SO  .     TLo  sulphowwcharie  acid  is  eMi), 
B^arated  by  decompoBing  the  Bulphosacoharate  of  lead,  suspendc* 
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in  VBCer,  Iit  stilf hjdric  acid ;  but  it  is  not  very  fixed,  and  is  costly 
decomposeu  hy  a  sUglit  clevution  of  t4.'aipcrutiirc. 

GrApe-Ausar  forms  a  crjstaIUwhl«  compoaud  with  8ea-s«]t,  ob- 
tuned  by  dtsoolvine  in  wat«r  U  p&rt«  of  sagar  and  1  of  salt,  and 
allowing  tlie  lit^uia  to  evapornte  spontaneously,  when  beautiful 
well  lertninatcd  crystala  are  dopositod,  of  which  the  formnla  U 
NnCl,2(C„ITyO,J+2nO.  In  a  drv  vacuum,  or  under  the  infla- 
«ni^  of  heat,  these  crystals  part  with  2  eiiulvalents  of  water  and 
fall  w  dust. 

§  I'ldS.  A  boiling  BulutioQ  of  grape-sugar  reduces  immediatoly 
the  bloc  liijuor  obtained  by  pouring  potaasa  and  tartrate  of  potassa 
into  snlu  of  the  oxide  of  copper  CuO,  and  precipitulea  from  it  the 
red  euboxidc  of  copper  Cu,<> ;  which  reaction  ia  extrcmoly  sensible, 
because  these  cupreotM  compounds  ]>o!u<c)(s  considerable  colouring 
power ;  and  it  onablct)  the  clLomist  to  detect  the  prc&ence  of  very  smaS 
quaitticics  of  sugar  in  a  Ui|Uur,  be^ideH  affording  an  easy  tnt-uus  of 
distinguifihing  grape-sugar  from  cane-sugar,  which  produces  no 
aimilur  effect. 

It  hii«  been  propoaod  to  apply  this  reftction  to  tlio  porpoeo  of 
ascertaining  the  quuntity  of  grapc-eugar  existing  in  a  fluid.  The 
cupreous  Ii(|Hor  is  prepaii'd  by  dtssolTiog  together  sulphate  of  cop- 
per, lATtrato  of  potasaa,  and  caustic  potoasa,  which  produce  ai]  in- 
tensely blue  liquor ;  after  wLicli  the  fiolution  is  rcilueed  to  a  certain 
standard,  eucli,  for  example,  that  lOU  cubic  contimetrut  of  tt  eball 
be  exactly  discoloured  when  boiled  with  1  gm.  of  grape-sugar.* 
In  order  to  uite  the  standard  solution,  100  cubic  centimetres  of  it 
are  boiled  La  a  porcelain  cajiaule,  and  the  liquor  to  be  tested  is 
ijradually  added  to  it  by  meuaa  of  an  alkalimctcr.  The  volume  of 
liquor  which  produces  the  exact  effect  couuins  precisely  1  gm.  of 
sugar. 

This  procCBS  will  also  serve  to  determine  the  quantity  of  cane* 
ftugar  contained  in  a  liquid,  as  it  suffices  to  convert  the  sugar,  by 
boiling  it  with  an  acid,  into  eugar  turning  to  the  left,  whi^  pro- 
duces the  same  effect  on  the  eupreoua  liquid,  and  then  to  operate 
with  this  liquid  m  has  been  titalud,  after  having  saturated  the  excess 
of  acid. 

Lastly,  the  process  may  also  bo  applied  to  the  determination  of 
le  proportions  of  caue-sugsr  and  grape-«ugar  wliivh  may  be  mixeil, 
by  first  ascertaining  the  discoloumg  power  of  a  simplo  solution  of 


'*  The  flnlulion  which  ha*  Vecti  found  noirt  eSoient  tt  pnpnrcil  hj  irn  dis- 
goIrtiiK  20  gvt.  nulpliaic  ft  copper  in  t(>  cvbic  c«Dll)netr«i  of  wikicr ;  «nd  ihoa 
•diling  318,8  gm.  t/f  n  »a1ulii>u  of  caagtic  potuaft,  of  tUe  Bpocific  graTitj  1.12,  U 
*  Mlolian  «f  SH  gta.  neutral  tsrlrftl«  of  putMCa  In  W  cubie  ccntiruTlreo  vt  irilvr. 
Mix  Iha  two  Rotntioiu  hy  |»)urii>(;  tlie  ctipr«»iu  B»!iiiion  ibUt  the  itikalin*  Ilt^iti-il,  bf 
•vwll  i|tiSDtlliea  at  a  tirae.  and  dituto  the  nhnl*  to  tlifi  raJaiDA  of  1  litre.  When 
tlrai  prtpneU  tli«  lolution  will  keep  unchingotl  tor  }'o»n. —  IT.  L.  F. 
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tlie  mixture,  and  tlicn  th&t  of  nn  eaaal  qv^ntitj  of  tlio  mu 
after  the  cunc-sugar  litis  ^Jlxa  diangea  by  boiliog  with  an  add.* 

OELATraOnS  PKHJCIPLKS  OP  PRC1T8. 

§  1296.  The  juices  of  nil  ripe  floahy  fruits  yi*ld,  by  condnn* 
boning  under  certain  coudliioni^,  goUtinous  Bubstanccs,  wliicli  are] 
derived  from  an  imtncdintc  principle,  Ltiaolublo  in  water,  nbidi  < 
iat«  ill  greater  or  loss  proportion  in  all  vegetables,  and  to  vbicb 
oama  ofpeetx>»e  baa  been  given. 

Fecto8«,  wbich  is  cbieny  fnuod  in  the  palp  of  unripe  fruitB 
certain  roots,  such  lui  caxrotH  and  turniptf,  is  intimately  mixed  i 
the  cellulose  which  composes  the  cells.    As  it  i^  entirelT  ioeolub. 
in  water  and  all  other  solvents,  and  moreover  very  easily  coangeabli 
it  bag  hitherto  not  been  isolated,  and  its  chemical  composition  ' 
not  been  ascertained ;  but  wo  arc  led  to  ndmit  its  existence 
the  peculiar  products  irhicb  it  affords  under  tho  iufluenco  of ' 

*^y  niMsuriiiii  tho  dcvintiaiu  pmduoeil  oo  th«  plane  of  pnlarlution,  the 
Utj  of  cu»-<ngar  coatatued  ia  solndoas  can  bo  ucerUiaed  «ilh  RTcst  tsa* 
when  lliv  llqoia  to  b«  t«t«d  codIaUu  no  olhcr  prlnciplos  vhich  c>n>«  tb9 
6f  polnHiation  ta  d«iiitl«. 

F»r  tbU  piarpoBt  k  pr^puotar^  np«riment  is  ins4«,  tm  *  knvwn  WMglit, 
exunple.  20  gm.  of  very  pure  cano-aiigaF.  by  disiolTiu^;  ihcm  In  *  quuitltj 
water  Bueli  Umt  UiG  loluiSua  tliall  uuuufiy  n  ghcn  toIuuiv.  wUlcli  we  Mill  cau 
aail  udaK  of  tliis  lolutiiin  m  much  lu  is  neceiwu?  to  fin  n  tub*  di«  o 
laDgth  of  nhlcti  tliall  be,  for  cxantplc.  0,3  m. :  let  N  be  Iho  drvliiion  ol 
through  Uie  tobe,  uniler  Uifac  clrcumaKincca.    On  uuir  niukiu^.  nith  ot^cr  weifl 
of  the  satDD  nugor.  boIuiIudb  of  «uun.I  roluine  V,  and  fining  tLe  mum  proof-|i 
vitb  them,  tlicy  will  p^O't)ul^n  UcmttioDf  ri,  n',  n",  and  the  weight  of  vugnr  < 

talued  in  the  vnlntno  T  of  these  soluUans  will  ba  reapoett*e1y  SO  gm.  ~,20gBL  ^ 

30  g;m.  ~.  etc.     Frcm  tliii,  if  tlie  eager  tlLoi  tcskd  bo  Impore,  hal  unl;  m 

with  snb4tuD(^ed  deprired  of  the  rotator;  poirer,  the  *ame  produete  'i<t  g^.  ^  <t&, 

will  exprtM  the  eiioliite  weight  of  pare  flugur  cootaitiei]  io  the  fftatt  wel|^ 
to  ferm  V. 

Tuhee  of  difTerftuI  leoglht  m*y  ultra  be  ueed.  ttad  ibe  ileriatian  ob*«md 
duo«(l  bj  cit1-^i lotion  tu  iTiAt  which  tbej  would  have  been  if  thcj  had  been 
turcd  in  the  0am«  lube. 

Aa  tho  sugar  r>f  ncM  fruilH  turn*  the  plnne  tit  polariintton  to  the  left,  the 
lilj  oftliiia  HU^nr  fnrmiiit.  either  in  it^  nrtlflrinl  solutlonfi  or  in  thojuieee  of 
which  do  not  coninin  oilier  Hubdancei  acilDg  uq  tlie  plaue  of  poluii«lioo, 
be  iuc«rinin«;i|  by  analuguuE  procesii^n;  ih«  iii(iti>culur  rotatory  power  of  tba 
toiiiir,  or  ihf  d»vlut!tjii  producpd  in  the  luho  of  0.3  m.  bj  the  eoluiion  cc 
20  g^ui-  of  tho  lugur  tu  a  *oliirac  of  100  oub.  cent,  hniitiK  heen  equally  de 
•1  jiriori.     It  i*  noceasarj'  to  operoto  alwojii  ot  the  inmo  tcmperatar*,  for 
nalscnlftr  rotatory  power  of  thii  kind  of  lugnr  vari«e  coneidunbly  with  the  t«i 
pemtnre. 

Tlio  crjstalllne  siij^ar  urfrrapos  and  ginaase  tarn  the  plane  of  polaniation  lowi 
the  right :  uud  tho  prrrrdinjr  meihuiis  aro  Iherufure  applicable  to  the  delerm' 
tton  of  thoBO  sugars  which  txiat  m  auIatioJia  containing  oo  other  actiie  '- 
dionte. 

When  eene-engar  is  mixed  with  the  eagw  of  acid  froita  it  U  evident  that  1 
devin.ti.kn  n  obserreil  ia  only  the  difference  between  the  devialion  n'  to  the  right 
cnne-Biignr,  and  the  doriation  n"l.nho  left  of  the  mgiur  of  ftcid  fruit* ;  buieTCB__ 
ibii  cue  ibe  quantttien  of  the  two  ^peolee  of  eagv  wUeh  exist  in  the  MlutioB  «ai 
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|Cheinica1  agents.  The  characterUtic  property  of  pcctosc  18  that  of 
~  NDg  trnDBform«(1,  under  iho  nmultaneoiu  influonco  of  tcids  aod 

'bettt,  inta  \  auUtanw  soluble  in.  vu.t€r,  nod  a&Ucd  pectin^  irhich 
diatinguisb«s  p«cto«e  from  cellulose,  as  the  latter  yields  no  simUar 

»  product. 
Pfctin,  which  is  found  rfa<ly  formed  in  ripo  fruits,  is  d«yeloped 
in  gr«t>a  fruits  by  the  actiou  ot  heat,  ihcir  pcctosc  b«ing  coii\'crtC(l 
into  pectin  by  the  Tcgetablc  acids  iirhich  ibey  contain.  Pcvtiu  is 
alM  obtained  by  boiling  carrots  and  turnips  with  feebly  acidulated 
water:  but  the  most  simple  process  consists  in  extracting  it  from 
ripe  fniits.  By  esproiwing,  for  flMmple,  the  palp  of  ripe  penm, 
and,  after  having  filtered  the  juice,  adding  carefully  oxalic  acid, 
which  precipitates  the  lime,  and  then  &  concentrated  solution  of 
tannin,  which  precipitates  the  albuminous  matter,  aarl,  lastly,  by 
pouring  in  alcohol,  thE>  pectin  is  precipitated  in  the  form  of  long 
gelatiuoud  Glamenta.     l^is,  beinj;  washed  with  alcohol  and  r«di&- 

In  d«t«rmLn«J.  After  haTiBg  mcnsurcil  tho  dcTimtion  n  proclaccd  br  Ibc  mixed 
ooblioB,  vBMlIy  ,'^  «f  il«  TatuRi«  of  chlorvliydric  aci^l  19  uciUoil,  uid  thi*  liquiil, 
JkavisgbMBWsU  iDixgit,  U  mstnitiiiad  for  tOmiDutn  at  a  temperLlorc  of  UQ°  or 
lM°,b;  whleh  ID*an4  tho  cAne-sugoc'  is«atir«lf  vliang«<lintii  xugor  luraing  to  Iho 
left.  An«r  batlDg  radae«rl  the  i«mper»(iire  to  ei&ellj  ft4°,  the  dc*Ution  n  of  tha 
Bcw  solution  is  ■^aln  observed;  luiil  it  noir  cooiUtii  of  l^e  ileTtulioR  n'of  Ute 
ori^iul  Dugar  of  thtt  aciil  rruila,  nn-J  the  ilsTiation  n"  ot  thn  intorud  nugnr  pro- 
dtiMd  bj  the  cunr-Kiignr.  Biit  the  >tate  ot  fl8tarB.tioii  of  the  hqaar  liai  bMn 
change-l  hj  the  adiUlloo  of  Ui«  ohiorolirdrio  Koid.  and  in  onlur  l»  take  it  into 
account,  tlie  devioitloii  obsorred  n'  mnal  b«  replaced  hy  tb«  ilrTinlion  ^n,  vliicli 
would  bate  been  obaerved  had  It  not  been  neocMar?  tu  udd  die  acid  in  order  to 
p(«dv«e  th«  LbTcmoD.  W«  ka*a  eviilentlj',  bj  udniilling  that  o  qunnticy  ofcutr- 
««car  producing  &  dcriatioa  m'  lo  Ui«  right  fields  a  quiuilit<r  of  fruit-eugsr  deri- 
atiag  ij  Kn'  to  th«  left, 

n  =  i' — fi" 

wblek  two  •f)QationB  will  e«nre  to  ili<t«nii)D«  the  naknowi^  dew iationi  n'  andn", 
from  which  may  be  e&lculutod  Ihe  projiortians  of  the  two  Undi  oC  (upir.  Tho 
yropoHiuDBl  euellii^iDiit  K  in  iIutcriniD«d,  once  for  nit,  hy  a  Brat  •xporimont,  mads 
wltB  *er7  pan  crTitaUitcd  canr-nuEar,  at  ibc  ttrn^pernluT*;  ul  which  the  tMt  la  to 
be>ade. 

Ji  the  cane-sugar  were  ntlsid  with  gr&po-tugar  or  gliicoie,  tbe  loletJAn  of  the 
Mlnlka  N  would  still  be  obaerT«),  nud  muld  be  the  sum  of  Ute  eeparale  rota- 
Sone  »f  and  n"  of  Iho  oane^ugar  kod  glucoBv,  By  then  heotiiiK  tbe  Kqnor  with 
J^  of  Its  w«1|>ht  (if  chIaroh;rdrio  acid,  the  obne-augiu'  kloae  wotild  be  changed  into 
ngar  turning  to  ii\t  Uft,  while  the  glneoM  would  rc'mai.n  tinchangod.  Sappoaiiig 
»'  la  be  Uio  rDlatlon  of  the  uen  liquur  in  u  tulie  of  the  Btme  length,  there  weald 
f  ii*l  for  the  dtrlerutiuntiun  or  the  uulcnuwii  •',  n"  the  two  eqnaU^Bfl 

n.  =  n-4-n" 
JJin,  =  n"  —  Kn\ 

If  tbe  glncoie  w«ro  mixc'd  with  frult-sngar  the  pruhtnn  would  be  undet^r- 
Bilaed,  becauM  neither  of  ihcHU'  jsubstuicve  gouIJ  be  uiTertcd  in  its  aciion  on  the 
plane  of  polBrixation. 

Theac  methods  maj  be  iu«coufutlj  uMd  to  determiDO  in  eolutione  eoTent 
otbcr  iubtianeei  which  tnrn  the  jiUne  of  jtolftrixalion,  and  to  eiod/  lu  IIicm  mib- 
•tance*  rhpmirnl  ph«nom«nn  vrliich  are  with  diflleuUy  eiplaintd  b;r  cntinary 
dkemieal  eiptrlmeuu. 
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solved  in  water,  is  ogain  precipitated  by  uloohol  ttod  dissolrod  in 
water,  vh'Kh  processes  are  repeated  until  reagents  no  longer  indicata 
the  presence  of  vugnr  vr  noy  organic  acid. 

Pectin  thus  obtained  is  an  uiicr^slalliza-ble  wliite  substance,  though 
iolublc  in  water,  from  which  alcohol  precipitates  it  in  a  jelly;  or, 
wli«ii  this  gotutioa  is  souowhat  co&c«Dtratt>d,  in  the  shape  of  long 
filaments.     Pectin  behaves  Ukc  a  neutral  substance  to  coloured  re-  _ 
agents,  and  is  not  precipitated  hy  the  neutral  acetate  ofkad,  vhils  fl 
the  aubaoctate,  on  the  contrair,  throws  it  down  from  its  soltttionf  in  ^ 
r  combination  with  the  oxide  of  loud.    It  exerts  no  action  on  polarized 
[light;  and  its  composition  corresponds  to  the  formula  C^»H^O^. 
]      An  aqneous  solution  of  pcctiiL  is  converted,  bj  boiling  for  eeveral 
Ihoam,  into  a  nowrwhite  siiWtance,  called  parapectin,  presenting  the 
■amo  chemical  conipoaitiou  as  pectiu,  a.ad,  being  neutral  vith  colour- 
ed rRagent--!,  very  soluble  in  water,  uncrystallinable,  and  inBolulle 
iu  alcohol,  which  precipitates  it  in  a  transparent  jelly.    Jt  therefore 
closely  resembles  pectin,  bat  is  distingnished  from  it  by  being  pre- 
.  cipitatod  by  neutral  acetate  of  lead.    X'be  composition  of  porapcctin, 
.  dried  at  212°,  is  the  same  as  tliat  of  pectin ;  hut  it  afforiU  two  cwm- 
Ijiounds  with  oxide  of  lend,  which  are  obtained  hy  precipitating  iia 
tsolutions  hy  the  neutral  acetate  and  suhacetatc.     The  furmulor  of 
[these  compounds  arc 

rbO,c,n„o^no. 

Rirapoetin,  when  heated  to  ebullition  with  very  dJInte  acid«,  is 

I  eoiivortt  J  into  a  new  isomeric  madlScution,  called  metapecttn  ;  which 

is  distinguished  from  poetin  and  parapectin  by  goDsibly  reddening 

the  tincture  of  litmus,  and,  being  precipitated  by  cliloridv  of  barium; 

properiic's  poBscssed  neither  by  pectin  uor  mrapeciin.     Motapectan 

jis  solublo  in  water  and  unrrystallizable.     it  is  precipitiUcd  hy  ol* 

[cohot,  mid  combiuus  with  acids,  forming  compounds  soluble  in  water, 

^but  prccipitabtc  by  alcohoL 

Pectin,  parapectin,  and  mctapectia  are  converted  into  an  insoluble 
aeiJ,  called  peetie  add^  by  contact  with  the  alkalies  and  nlkalico 
earths. 

§  1297.  The  vegetable  parts  which  contain  poctoio,  contain  also 
a  peculiar  substance  calleil  pectate,  whicli  exerts  quite  a  fpeciul  in- 
flnence  on  pectin  and  its  isomerics,  analogoas  to  that  of  beer-joa*t 
on  sugars.  This  subsiance  may  bo  separated  by  precipitating  the 
juice  nf  fresh  carrotB  by«loobol;  and  after  the  precipitation  the 
poctase  has  become  insoluble  iu  water,  without  losiag  its  power  of 
action  on  pectin. 

Peetase  possesses  the  remarkable  property  of  transforming,  in  a 
short  time,  pectin  into  a  gplutinons  substance,  insoluble  in  cold  water, 
without  any  apparent  chemical  intervention  of  its  elements  in  the 
transformution.     This  phenomena,  which  is  called  pcctic  /crmrntA- 
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fwff,  M8*inblc8  other  pt^nomena  of  ferrocntation,  which  shall  900D 
be  described  in  detail.  The  reactiou  ma.y  he  effected  tthen  protected 
fifom  the  sir,  is  »ccompaniofI  by  no  evolutiou  of  gas,  and  ia  partieu- 
Iwl/  cosily  pfrfoniied  at  the  H-mperuturc  of  86'. 

Pociuo  is  iincrys  tall  liable,  and,  whoa  left  in  water  for  2  or  3 
days,  decotspos&ft  rapidly,  becoming  eovcrcd  with  mould,  and  no 
longer  neting  m  pectin  leaveD.  lu  action  on  pectin  is  also  de- 
•troyed  by  bciitiiig  it  for  some  titnc  in  boiling  water.  I'ectaso  exintit 
in  vogetanles,  sometimes  in  its  soluble  and  aoineiiuioit  in  itx  innolu- 
ble  modification ;  while  acid  fruits,  on  tlio  contrary,  contain  it  only 
in  its  insoluble  modification. 

$  1298.  By  introdacinff  pectase  into  a  solution  of  pectin,  the  latter 
b  oonrertcd  into  an  acid  called  ptetime  aeid,  very  slightly  noluble 
in  cold  water,  and  which  h  prcoipitnted  in  the  goIatinoiiB  state. 
The  acid  b  aim  obtained  by  causing  cold  and  very  dilute  aolutious 
of  potassft,  soda,  atomonin,  nr  the  alkaline  enrbonatos,  to  act  on 
pectin;  when  pectosates  are  formed,  from  which  the  pectosic  acid 
may  be  prooijiitaled  hy  nn  acid.  It  is  e9!«ential  that,  the  alkaline 
Liquids  slioulu  not  be  concentrated,  nor  act  for  too  long  a  time,  for 
the  pectosic  acid  would  be  transformed  into  a  new  acid,  calle^l  poetic. 

Peotosic  add  is  gelatinous,  almost  insoluble  in  cold,  but  aoluble  in 
boiling  water;  and  the  solution  made  when  hot  becomes  gelatinoos 
on  cooling.  Pectosates  arc  gelatinous  and  uncr3rstAllizablo;  and 
the  formula  of  the  Iead.«i]t  is  2PbO,C„H,^0„. 

§  1*299.  If  the  action  of  pcetaso  on  pectin  be  continued  for  a  suf- 
ficient teogth  of  time,  the  latter  is  courened  Brsl  into  pectosic 
and  then  into  pectio  acid;  which  latter  trnnnformntion  pectin  also 
oodergoes  when  it  b  treated  witli  dilute  solutions  of  the  alkalies  or 
alkaline  carhonateH,  or  witli  lime  and  baryta.  By  treating  the 
pectates  with  chlorohydric  acid,  the  pectic  acid  ii^  pi-ecipltated. 

Pectio  acid  is  generally  obtained  from  carrota  or  turnips,  by 
washing  the  pulp  of  the  rootd  until  the  water  \i  colourless  and  tasto- 
teaa;  after  wltich  it  is  heated  for  lA  minutes  with  a  weak  solution 
of  carbonate  of  soda,  which  converts  the  ^lectm  into  pectio  acid, 
forming  a  nolublo  p<.-cliito  of  soda.  The  hijuor  is  separated,  and 
chlorohydric  acid  added,  which  precipitates  the  impure  pectic 
acid  in  the  state  of  jelly.  It  is  washctl  as  complcLoly  as  pua»ib!c, 
and  redissoived  iu  ammonia;  and,  after  boiling  the  liquid,  a  few 
drops  of  subacetato  of  lead  arc  poured  in,  which  precipitate  a  small 
qoanlity  of  pectic  acid,  with,  some  allnuniuuui  nialtor  which  pcrti- 
naceoudty  follows  the  poetic  acid;  after  skch  the  pcotic  acid  re> 
matDin^  in  the  solution  is  precipitated  by^Hlorohydnc  acid. 

Poetic  acid  i»  c|uito  insoluble  in  cold,  and  nearly  so  in  boiling 
water,  which  distinguishes  it  from  pectosic  acid,  ifhich  dissolves, 
on  the  contrary,  largely  in  hot  water.  Pectic  noid  disBolvea  readily 
in  alkaline  itolutions,  even  vrhcn  very  dilute.  Tho  pectatca  of  the 
alkalies  and  that  of  ammooia  atone  aro  Boluble,  while  all  other  pcc- 
Voi.  II.— 2  Q  SI 
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Ut«B  are  insoluble,  and  precipitate  in  very  roluminoas  geUtinoD 
maases.  No  soluble  pcctatc  cryAtoJUzcs,  but  remains,  afier  evai 
tion,  in  the  form  of  a  gummy  mass.  It  is  very  diffietUt  to  oc 
vell-defincd  salts,  m  the  coiupnHition  of  those  procured  b^  At 
deeompo»tioa  variea  gte&tly  witli  tbut  of  tlie  )iolubk>  pectate 
ibc  circumfltiuiccs  under  vbich  tbc  precipitation  takes  place.  11 
formula  of  pectio  acid  has  buen  dL>auL'eti  from  ibe  analysis  of  tlrtj 
pectate  of  baryta  obtained  by  treating,  when  cold  und  protectedj 
from  the  air,  a  Bolutlon  of  pectin  witU  a  largo  exccBS  of  water  U] 
baryta,  trhcn  at  first  a  precipitate  of  pectosate  of  baryta  foramj 
which,  under  the  iiiflucncc  of  tbc  exccaa  of  base,  \e  converted  intai 
pectate  of  baryta.  The  salt,  first  dried  in  vacuo,  then  in  an  ai^] 
bath  at  248°t  preaenta  the  composition 

2BaO,C^H«,0.. 

When  pectic  acid  is  boiled  for  &  long  time  in  vater  it  ^awdi 
iu  it  completely ;  but  is  then  converted  into  a  new  solablo 
called  parapecCic.  Pectfttca  kept  for  a  long  time  at  a  temperatanl 
of  302'*  arc  also  ehaneed  into  parapODtate»;  the  name  transfcvnu*.! 
tion  taking  place  a?  when  their  solutions  are  boiled  for  a  long  timet! 

Parapectic  acid,  which  Is  \'ery  soluble  in  water  and  uncr^'stallifr  j 
able,  exerts  an  acid  reaction  on  coloured  tinctures,  and  forms  soluble] 
eallA  with  potossa,  laoda,  and  ammonia;  while  its  other  salts  are  iti' 
soluble,  and  prepared  by  double  decomposition.    The  formula  fii ' 
tbc  parapectate  of  load,  dried  at  S02°,  is 

2PbO.C,H„0... 

S  1800.  A  solution  of  pectin  loft  to  itself  for  Bcreral  days  become 
strongly  acid,  and  losea  the  property  of  being  precipitated  by  ilov] 
hoi;  after  which  it  contains  a  new  acid,  ctuhd  metapecttci 
transformation  taking  place  much  more  rapidly  in  the  presenoe  tt\ 
pectoee,  or  the  pulp  of  grcea  fruits.  Pectin  undergoes  the  aamU 
changes  in  &  very  short  time,  when  boiled  with  dilute  actdii,  or  iridil 
slightJj  concentrated  alkaline  solutions ;  and  Ustlv,  pectic  and  portr  j 
pectic  acids  arc  converted  into  metapectic  acid  when  they  aitj 
boiled  with  dilute  acids,  and  oven  undergo  this  charge,  after  a  let 
of  time,  in  cold  water. 

Mcupectie  acid,  which  is  very  soluble  in  cold  water,  is  uncry9>| 
talllznbic,  and  fonns  soluble  salts,  which  do  not  crystalliBc,  with 
great  nuiuber  of  bases.     Its  solutions  arc  not  precipitated  bv  watei 
of  limo  and  baryta,  bujflbcy  afford  precipitates  with  the  subacetab 
of  load.    Two  metapeciSes  of  lead  are  known,  of  which  the  for 
are 

2PbO,0.H.O,  and  8PbO,C.H.O^ 

Metapbctic  acid  is  as  powerful  an  acid  as  the  majority  of  acid 
foand  iu  fruits. 


FBcrra.  48d 

At  tie  IwDiDg  point,  parspectlc  and  metapccttc  ft^ds  deeom|>OAe 
tho  double  t»rtraU;  of  potwsa  and  copper,  and  prfrcipitatc  from  it 
red  suboxide  of  co[ipcT;  in  wbich  rcuppct  they  behavu  like  grape- 
sugar,  and  Rngnr  turning  to  the  left ;  while  thc9o  ncids,  lik«  all  the 
products  derhed  from  pectin,  arc  distinguished  from  augarg  bv  ex- 
rting  no  action  on  polarized  light, 

S  1301.  The  foilo-ffing  tabic  (thows  the  composition  of  the  various 
nbftUinceB  demed  from  pectosc,  and  oihibits  the  reliitiona  between 
tieir  formulie : 

Prnmnla  of  Eb*  fMmnl&af  UMcoinpcniiiil 

PeotoSD anknomt,  unknown. 

Pectin C«n„0^8HO,  nnknown. 

Parapectin C^H«0„,8nO,        T>bO,C^n^0^TH0. 

Metapectin C4.H„0^8H0,  2PbO,CJI^0^6nO. 

Pectosic  acid C„n„0^3H0,  2PbO,C„H„O^HO. 

Pecticscid C„H„0„,2H0,  2PbO,C„n.O.. 

Parapectic  acid C^n„0„,2H0,  2PbO,C^H„0„. 

Mctapectic  acid C,n,0p2H0.  2PbO,C,H,0,.         v 

From  tlus  manner  of  writing  the  fonaolce,  it  will  be  seen  that 
ihev  are  all  nnuItiplcH  of  the  most  simple  formnia,  C^n^O,,  if  cer- 
KUQ  quantities  of  hydrop;en  and  oxygen  be  neglected,  which  we 
hare  separated  from  the  formnlse,  aa  if  they  existed  in  the  slate  of 
Wftter.  If  these  rcUtions  are  correct,  it  may  be  said  that  all  the 
substances  are  derired  from  the  fir^t,  pectin,  by  simple  molecular 
putition!>,  and  by  soporattons  or  absorptionn  of  water.  Pectin 
u  ancDtral  subetftnce,  and  in  it-s  modiBcatlons  acquires  more  and 
more  deeidod  acid  properties,  the  last  transformatioa  being  an  acid 
09  powerfnl  aa  the  majority  of  those  of  the  Tpgctablo  kingdoiB. 
^^Bac  it  Li  important  to  rymurk  that  ihe  determluatiun  of  the  formulK 
^nf  aocryntnllianblc  HubstanccH  am  unstable  as  thoao  Erat  dcftCribed, 
and  of  which  iho  ucIJ  properties  are  so  slightly  marked,  presents 

Seat  difficulties),  and  too  much  importance  muet  not  bo  attached  to 
em. 

5  1302.  The  eucccasivc  tninsfonnationB  of  pectin  nnder  the  inflti- 
emce  of  pcctase  and  the  acids  explain  readily  the  modiGe»tioiia  of 
this  substanco  during  the  rinoning  of  fruits,  and  during  the  process 
of  cooking  which  yields  jellius. 
^K  Vegtitaiilo  jellies  are  produced  by  the  transformation  of  pectoec 
^■«r  pectic  acid  under  the  iiiiluunce  oi  peetase,  which. transformation 
moflt  frequently  stops  nt  pectosic  acid ;  for  jellies  generally  disap- 
pear when  they  are  healed  to  212°,  because  the  pectosic  acid  a 
then  dissolred ;  while  the  nyrupy  juice  again  nets  into  a  jelly  on 
cooling,  on  account  of  the  separation  of  gelatinous  pectosic  acid. 
It  muitt  be  admitted  that,  nnder  the  inducncc  of  heat  and  the  vt^c- 
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table  aciits  which  cxiitt  in  the  pulp,  pectOM  is  first  «o&rertcd  iuto'J 
pectin,  nnd  that  the  likttcr,  uuJvr  tliu  influence  of  pcctsse,  U  con-f 
verted  into  pectosio  acid;  and  tliat  it  may  even  be  ch»D(;ed  into 
pectic  acid  if  the  action  of  the  pcttiutc  he  sufficiently  prnlooKd-j 
It  i«  important  to  ralso  the  temperiiturwslunly,  because,  if  the  Iruill 
were  fiuddenty  exposed  to  a  Ceuuerultirc  of  '2V2°,  the  action  of  the 
pcctase  would  be  paralyzed,  and  tlie  peutic  fenDcntuiiou  would  na 
loQger  be  produced;  which  happeua  iu  prcMnriiig  fruita:  thoy  ar« 
dipped  only  for  a  few  moments  in  boiling  wat«r,  and  the  pcctaae  isj 
thus  rendered  inactive. 

Mannife  0,11,0,. 

§  1303.  Mannite,  trhich  is  a  Gul>stancc  widely  scattered  tbrooi^j 
the  vegetable  organization,  exists  in  the  proportion  of  60  per  cent.' 
in  manna,  the  dried  juice  which  &ovn  spontaneously  from  certsia' 
Bpecies  of  a»h-treeti  in  the  south  of  Europe,  and  from  which  mao-j 
nito  is  easily  extracted  by  boiling  it  with  concentrated  alcohol,  which 
distsolTes  the  mannito  and  again  depuMts  it  on  cooling.     Manoit*! 
also  exists  in  the  juico  of  unions,  a^para^uir,  celery,  and  mosbrooau.i 
together  with  sugar  and  other  solnble  vegetable  Htibstancett,  and  il 
obtained  from  them  by  first  destroying  the  sugar  by  fcrnaeniation, . 
which  dflrs  nnt  a!tcr  the  uiannitc,  mid  then  evaporating  the  liquof ; 
to  dryness  and  treutiii^  it  with  boiling;  alcohol,  wliicU  ilisaolvcs  th«| 
mannite.     'Xhc  juice  of  sugur-bcet»,  which  after  tVnncatation  cod- 
tains  a  large  quantity  of  mimmte,  is  cva^rated  to  the  consifitencs  i 
of  mup,  and  treated  with  alcohol  to  dissolve  the  manttite.  I 

Mannite,  cryittaUized  in  alcohol,  presents  the  appearance  of  long' 
acicttlar  crystals  :  it  dissolvos  in  5  parla  of  cold,  nnd  in  a  smaller ' 
quantity  of  boiling  water ;  and  its  aqueous  solution,  slowly  cvapo*  i 
rated,  yields  larger  and  better-defined  prismatic  crj-staU.  Ueated! 
■fightly  above  212'^,  it  melts  into  a  colourless  licfuid  whidi.  on  cool- 1 
ing,  assumee  a  crystalline  texture  ;  but  if  heated  still  further,  it  ii . 
decomposed  and  yields  products  analogous  to  those  of  the  sugars.    ' 

Mannite  is  diatinjfuished  from  the  sugars  by  exerting  no  rotiip: 
tory  power  on  {Hjlarized  light,  by  yieldiiiK  no  eu^ar  turiung  lo  tb« 
left  when  treated  with  acids,  and  by  not  fermenting  by  contact  willi 
the  leaven  of  sugar-like  substancea.     Fumjng  nitric  acid  transfonns , 
it  into  an  explosive  substance,  resembling  that  produced  tinder  the 
same  circumstances  by  lignin,  starch,.and  sugar;  white  the  nitrioj 
acid  of  commerce  yields,  when  hot,  oxysaccbaric  and  oxalic  acid&i 
The  formula  admitted  for  mannite  is  CjH,0^  but  it  should  be  pro-] 
bftbly  doubled  or  trebled,  I 

Mannite  combines  with  oxide  of  lead,  when  a  very  concentrated' 
aqueous  solution  of  it  is  potircd  into  a  hot  solution  of  ammoniacal 
acetato  of  lead;  when  the  compound  separates,  on  cooling,  into | 
small  crystalline  kmellso  of  the  roniiulA2PbO,C,II,0,.    TTie'  com*! 
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OD  of  Uiin  product  indicates  tfcai  the  formula  of  niaiuiit«  ehonld 
'  written  C,H^0„2H0. 

WOPCCTS  OF  THE  ACTION  OF  ACIDS  ON  UGNIN,  CELLULOSE, 
AMTLACeOUS  MATTER,  AND  THK  SUGARS. 

ACTION  OP  I>n.UTE  ACmS  ON  STARCH. 


Dextrin  C.,U„0, 


M»-*ta^»' 


It  hax 


I  m€iitione<I  (g  1283)  that  feciila,  when  boUcd 
for  some  time  with  water  containing  some  Imndredths  of  ealphuric 
acid,  in  aooD  complctcljr  (liKitotvcd,  being  first  converted  into  a  mb- 
stanoe  cloaelj  resembling  gum  arabic,  and  then,  if  the  ebullition  be 
continued,  changing  into  a  sugar  tuniing  the  plnnr  of  polaristatioti 
of  polarized  light  tu  tlio  right.  Tho  Gret  product  of  tniiDnforitmiiuu 
of  the  amjlftooous  matter  hius  recfivcd  the  niimc  of  ilczfrtn.  be- 
came  it  poescssea  the  property  of  deviating  poluriEcd  liglit  more 
powerfully  to  the  right  than  any  othfir  kiioivn  substance.  Aa  the 
demetitary  composition  of  dextrin  is  t)ie  same  as  that  of  amyla- 
ceous matter,  thjn  tranK  forma  lion  cnn  only  he  owing  to  di^nggrcgii* 
tioo ;  the  <iiil[>huric  acid  by  which  it  has  bec^n  effected  being  foaud 
anch&Dgo<l  in  the  liqnid. 
b  Dextrin  is  very  solttble  in  water,  and  di^olves  also  in  dilntc 
tileobol,  but  is  insoluble  in  absolute  itlcohol.  Aa  it  diBsoWoa  but 
Rpariogly  in  cunccutriUed  alcohoL  which  dissolves  a  much  larger 
proportion  of  sugar  turning  to  the  left  and  grape-sugar,  this  boIt- 
cut  Is  frct^ueutly  employed  to  separate  dextrin  from  thoisc  sugars 
with  which  it  is  ordinarily  mixed  when  prepnred  by  the  proc(^ss  jnM 
indicated.  Dextrin  depurated  from  it^  suluttons  by  evaporation 
assumes  the  form  of  a  colourless,  transparent  substance,  without  any 
appearance  of  crystallisation,  closely  rci«embling  gum  arabic,  but 
poncsuDg  an  opposite  rotatory  pnwer.  Heated  with  the  nitric  acid 
of  commerce,  it  yielda  oxalic  acid,  but  iiM  mucic  acid,  thus  distin- 
gnishing  it  chemically  frnm  the  gums.  Iodine  does  not  colour  bo- 
lotions  of  dextrin,  which  affords  an  easy  method  for  aBcertainin'*  when 
the  transformation  of  the  amylaceous  matter  is  completed,  and  which 
exhibitJi  the  action  >of  sulphuric  acid  in  the  prepariition  just  indi- 
cated. By  pouring  into  a  umall  quantity  of  the  hot  li({UOr,  previous 
to  boiling,  a  few  drops  of  an  atiucoua  uolution  of  iodine,  the  beau- 
tiful indigo-bluo  colour  peculiar  to  the  pure  amjkccoua  matter  is 
produced;  while,  if  tho  same  experiment  bo  repeated  some  time 
after,  the  iodine  produces  a  violet  tinge,  and,  at  a  still  later  period, 
a  purplish  or  reddish  hue  :  lasilv,  no  change  of  colour  is  efToctcd  ; 
the  yellowish  tinge  being  merely  due  to  the  aqueous  solution  of 
iodine.  But  at  this  period  a  jiortion  of  the  dextrin  formed  has 
genorallT  undergone  a  more  advanced  transformation,  and  is  changed 
a  It  2 
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into  sugar  turDtng  to  tlie  riglit,  but  of  vrliich  the  rotatory 
U&a  than  its  oini. 

Solutions  of  dextrin  poaaeas  some  properties  of  solutions  oT  gaa, 
ftod  may  be  substituted  for  tfacm  occtLsiociUly  in  the  arts. 

One  metbofl  of  preparing  di-xtrin  coui^istti  iu  liotiting  feooU  to  a 
teniperature  of  ubout  41U%  wben  it  bccomee  disoggn^oted  and 
converted  into  dextrin ;  tbc  dried  fecutu  being  epreud  in  t&Ters  of 
3  or  4  oentimetrcs  in  thiclcne&s,  on  sbect-iron  tables  in  a  lamace 
hcnicd  by  a  rc^titr  circulutioo  of  hot  air,  tlie  temperature  of  wLidi 
must  not  excoea  410°. 

Tbc  product  tbus  obtaiued  is  called  ttnrefied  ttarch,  or  Ulocomnw, 
and  o:(liibils  tbe  pulrerulent  appear&nce  of  f<>cula,  vhWv  its  coluor 
is  elightlyycllowieb,  owing  to  a  more  advanced  decomposition. 

Anolbcr  proceas  consista  in  moistcniiig  1000  kilogs.  of  fecnla  with 
800  of  water,  containing  2  fcilogs.  of  nitric  acid,  and,  after  allowing 
the  sabstance  to  dry  spontancossty,  heating  it  for  1  or  2  hoars  in  a 
Btovo  at  212**  or  230°  ;  when  the  transformation  is  perfected  aod 
the  acid  is  evaporal«d. 

§  1305.  JHofUue. — A  peculiar  nitrogenous  sultstanoo,  called  diet' 
ta»e,  which  possesses  the  property  of  converting  a  large  proportion 
of  fecula  into  dextriu,  and  even  into  Rugar  whi^n  its  action  ia  sof* 
ficiently  prolonged,  exists  in  the  germ  of  tho  cerealia  and  tubercular 
vegetables.  It  appears  to  be  formed  at  the  moment  of  germination, 
pirroahly  at  the  expense  of  the  albuminous  matter  contained  in  the 
grain.  a.s  It  resides  in  the  very  origin  of  the  germ,  and  in  the  eye  of 
the  tuber;  and  its  use  in  the  vegetable  Ci-onotny  appears  to  bo  that  of 
disaggregating  the  amylaceous  matter  anil  trandfomiing  it  into  an 
^iaomcrie  soluble  substance^  which  the  vital  forces  then  change  into 
isomeric,  hut  insoluble  substances,  such  &a  cellulose,  which  is 
.__.  „,,  the  frame-work  of  ibo  growing  plant. 

OMitfbUo  is  generally  extracted  from  barley  which  ban  nproated, 
hj  digerting  tuo  puwdcrt'd  grain  in  water  at  77°  or  80",  and,  after 
saveru  houi»,  comprcsKiniu;  the  paste  in  a  uloth  aud  filtering;  when 
the  liquid  coutaiiis  diu;»tase  in  MiutioD,  aud  may  be  used  iuuuediately 
to  effect  the  solution  of  starch.  If  the  active  principle  is  to  he  sepa- 
rated from  it,  it  must  be  h«ate<l  to  167°,  a  temperature  which  doM 
not  niter  the  diastase,  but  at  whirh  an  albuminoid  subetnoco  mixed 
with  it  coagulates.  Anhydrous  alcohol  h  then  poured  into  tbc 
liquor  n^  long  an  any  prccipitnic  in  formed,  when  the  diastase  » 
precipitated  in  flukes,  which  are  rcdissolvcd  in  water  and  again 
precipitated  by  nlenhol.  The  substance,  dried  In  vacuo,  is  white, 
amorphous,  soluble  in  water  and  weak  alcohol,  but  insoluble  in  con- 
centrated  alcohol.  The  aqueous  sulutioa  is  neutral  and  taatoleas, 
and  is  not  precipitated  by  acetate  of  lead.  Uiastase  may  be  pxe- 
sen'ed  for  a  long  time  in  dry  air,  but  soon  putrefies  in  dampness;  and 
ft  temperature  of  212°  deprives  it  entirely  of  its  action  on  starch, 
which  b  very  powerful,  for  1  part  of  diastase  ia  buHicient  to  txao^ 


OLVOOSE. 


487 


furm  into  dextrin,  and  subaequcntlj  into  sug&r,  2000  parts  of  recola ; 
to  produce  which  cffoct  hy  tho  nction  of  add,  it  would  require  80 
timvfl  the  weight  of  sulphuric  acid.  It  cannot  b«  eupposed,  on  ac- 
ooimt  of  the  vmaM  proportion  of  diiuitns(%  that  any  ordinary  chemical 
t«*ction  takes  place;  and  the  phenomenon  most  rather  be  com- 
pared to  those  mysterious  acliotis,  called  action*  h>f  contact,  of  which 
Mv«r«t  examples  have  been  pointed  out  in  mineral  chemistry;  and 
it  may  also  be  awiniilat«d  to  nthnr  phenomena,  also  imperfectly  ex- 
plained, tcnnDm  by  the  aamo  of /emuntatioHj  of  which  we  hare  seen 
I.  the  fimt  instance  in  the  action  of  pectase  on  pectin. 

Diaatase  appears  to  he  moat  active  between  the  temperaturiTS  of 

149*  and  107°,  the  action  ceiuing  at.  a.  higher  iJegrec.     At  32"  it 

tltll  converts  utarch  into  dextrin  and  sugar,  but  at  10.4*  dextrin 

mly  ifl  formed.     D'ta^Uiso  exerts  no  action  on  cella1o#e,  lignin,  nor 

on  cane-Bupar,  nhicb  i«  so  uasily  changed  by  dilute  acids. 

The  action  of  diastaso  is  likewise  appiic-d  in  tho  arts  to  tlic  purpoit 

obtaining  de3:trin  vritL  nuire  or  lesd  sugar,  the   traiUKfunuatioii 

_  effected  in  a  doullo  boiler,  between  tuc  sides  of  which  atcam 

made  to  circulate.     The  ground  barley,  cuUeJ  mall,  being  sua- 

londed  in  water  boated  to  161",  the  feenla  ia  added  to  it  by  small 

ti«6  m  it  disBolvca.    The  operation  i*  watched,  and  the  liquor 

from  time  to  time  with  the  nqncoua  solution  of  iodine,  and, 

1  vinous  culuur  i»  produced,  tbe  action  of  the  diastase  most 

be  quickly  puralyzcd,  as,  ot)ii.>rwiiiL<,  a  larg<3  quantity  of  sugar  would 

ibe  formed ;  and  it  is  done  by  rapidly  heating  tho  liquor  to  212°,  by 

iwsaing  eteatn  through  it.     It  is  then  decanted  and  evaporated  to 

the  consistence  of  syrup. 

The  dcxtriu  thus  prepared  is  used  in  tho  baVing  of  pastrr,  OT  in 
the  manufaciurc  of  beor,  cider,  alcohol,  and  various  other  ucohoUo 
ioDors;  while  that  arising  from  tho  torrefied  fccula,  or  the  action 
-or  acidit,  is  used  in  the  flni.'thing  of  muslinR,  the  thickening  of  mor- 
dants in  dyeing  and  c»lico  printing  and  wall-paper  printing,  etc.  etc. 
Of  lat<>r  yean  it  ha-t  been  u.i&d  in  tnirgery,  m  What  la  called  the 
immovable  treatment  of  fractnrea: — Muslin  bandages  flaked  in  a 
mncilaginaujt  preparation,  obtained  by  disuiolving  100  gm.  of  dex- 
trin in  oO  of  camphorateil  brandy,  and  adding,  soon  after,  40  gm. 
of  water,  are  rolled  around  the  limb,  and  the  apparatuH  becomes 
immovable  when  the  dextrin  le  dry.  They  are  easily  romOTod, 
trhen  neoesaary,  by  soRening  the  dextrin  with  warm  water. 

§  IS06.  If  the  action  of  diastoBc,  or  that  of  tbe  acids  on  Btarch,  be 

rolongcd,  the  dextrin  which  i»  first  formed  is  converted  into  sugar; 

ad  the  Bolutinn,  when  evaporated,  setfi  into  a.  cryntalline  mass  re- 

nnbling  that  formed  by  grape-sngar.    Thui  sugar  is  called  gtucMe^ 

and  its  identity  with  grape-sugar  is  generally  admitted.     In  the 

transformation  the  amylaceous  matter  C^IImOu^  absorbs  4  cquiv. 
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of  mter  to  coostitute  glucoee  C^„0„;  vai  it  u  iroportAnt  to 
roDulc  th«t  canisBujTar  C„H^,0,,  is  intcnnwiUtc  between  thtw 
two  subBtancee,  while  it  has  hitherto  be«ii  impoeeible  to  arresc  the 
absorption  of  wat4>r  at  1  rquiv. ;  fnr  it  voiild  be  of  iinmptiHe  com- 
mercinl  value  if  the  intcrmciliate  product  were  caae-6ugar,  vhicb  is 
much  mon;  rtiluBble  than  glurasc. 

dlucose  i»  found  in  coniRierce  under  tlirec  different  forms :  synqt 
of  fecula,  j^lucQse  in  mass,  and  granulated  glucove. 

I1ie  eacch&rificittioa  la  ^en^ratl;  effected  by  Bulphuric  add,  di- 
luted  with  83  timci  its  weight  of  water,  and  hcattrd  to  a  temper*- 
turo  slightly  aboTo  212",  tho  operation  being  perforeied  in  laTge 
iFoodcTi  tubs,  at  the  liuttom  (vf  which  a  leaden  tube,  having  a  great 
number  of  holcs^  ut  placed.  The  tube  may  be  made  to  cominunicatc 
urith  a  high  pressure  eteam-gcnenitor,  which  drives  steam  imme- 
diately into  tlie  water  in  the  tub,  wliicb,  being  }  filled  with  acidu- 
lated water,  is  thu»  rapidly  heated  tn  212°.  The  fccula  previously 
diluted  with  water  is  gradually  added,  and  in  30  or  40  minutefl 
After  the  lagt  addition  of  fccula  tbo  convcraiun  into  eugor  is  com- 
pleted, la  order  to  ascertain  this,  a  few  drops  of  tbo  lii]uid  are 
iLUowcd  to  cool  on  a  plate,  and  then  treated  with  a  small  quantity 
of  a  aotutiou  uf  iodine,  which  should  produce  no  chaugu  of  colour. 
WbeD  thi»  result  ie  obtained,  the  flow  of  steum  'a  arrested,  nnd  tbc 
acid  is  eatuTttted  with  powdered  chalk,  wliich  should  be  gradually 
added,  lest  tho  cfforrcsccnco  produced  ehouid  cause  the  liquid  to 
overflow  ;  and  the  mouieut  of  saturation  ui  ascertained  by  means 
of  the  tincture  of  litntun.  The  liquor  is  ullowed  ture^t  for  12  hours, 
al^er  which  it  is  decanted  and  bleached  by  titration  through  animal 
blael;,  nnd  it  i«  then  evaporated  in  order  to  reduce  it  to  the  degree 
of  conceutratioQ  required.  If  solid  glucose  is  to  ho  obtained,  the 
nrnp  is  conecntrated  until  it  marks  40°  or  42*^  of  Baum<!,  and 
ttieu,  when  sufficiently  cool,  it  is  run  into  barrels,  in  which  it  soli- 
difies. In  order  to  granulate  it,  it  is  evaporated  to  only  32*^  B.,  and 
(hen  allowed  to  remain  for  24  hours  in  reservoirs,  in  nliich  it  cods 
as  rapidly  HH  posuble,  while  the  calcareous  rails  are  deposited; 
ai^er  which  the  syrup  is  brought  into  rats,  the  bottoms  of  wkick  ar* 
pierced  wUli  small  holes  closed  with  pins  ;  fermentatJon  being  pre* 
Tented  by  pouring  into  each  vat  2  decilitres  of  an  aqnooiis  aoltiUoii 
of  sulphurous  acid.  Cryatallization  does  not  commence  for  Sdaya: 
when  J  of  tbc  mags  nre  solidified  the  pins  are  removed  and  the 
liquid  Bows  out.  The  crystals  are  then  dried  on  cakes  of  plaster, 
in  a  drying  machine,  of  which  the  temperature  should  not  exceed 
77°,  in  order  to  prevent  the  fusion  of  the  grains. 

Glucose  in  grains  is  rarely  made,  except  for  the  purpose  of  adul- 
terating brown  sugar. 

Glucose,  in  syrup  or  in  bulk,  is  ui;ed  in  the  manufacture  of  h«6r 
and  alcohol,  and  for  the  improToment  of  common  wines. 
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§  1307.  It  has  1)C(.-Q  mcutiouvd  that  canc-eag&r,  bj  being  IxHled 
ritli  ackIs,  is  rc&itily  converted  in  suj^nr  luniiiig  to  the  left,  wfaiob 
itstitf,  after  eoinc  time,  uudcrgoe3  il  cliiiuge,  aud  ecparut^s  from  ite 
olutions  in  iho  furm  of  grnpe-siigar  or  g1uco6C.  If  tlie  action  of 
rthfl  acids  be  continued,  imd  especially  if  they  be  highir  conccn- 
[trated,  the  reactions  produced  are  much  more  complicateu.  Fruit* 
•andglucoBGstftuld,  moreover,  evidently  yield  we  same  produota. 
)n  dissolving  100  parls  nf  cane-sugar  in  300  parts  of  water,  to 
ESlvbich  30  parts  of  sulphuric  acid  are  added,  and  heating  tbe  tiqnor, 
lit  will  soon  be  seoti  to  tarn  brown.  The  new  products  Tonned  vary 
[vith  the  temperature  of  the  liquor ;  and  if  the  experiment  be  mado 
a  retort  communicatinz  with  a  receiver  in  which  a  vacuum  haa 
en  effected,  the  liquor  boils  at  a  low  temperAture ;  while  if  the 
oration  be  arrceted  after  the  ditstillation  of  a  portion  of  the  water, 
r&tidue  is  found  to  contain  glucic  acid,  in  larger  quantity 
according  to  the  prolongation  of  the  action  ;  besides  a  small  quan- 
tity of  apoglucic  acid.  If,  on  tht'  contmry,  the  liquor  bt;  boiled, 
under  the  presBuro  of  tbe  atmosphere,  after  having  previously  Cllod 
the  apparatuft  with  carbonic  acid  or  hydrogen  gaa,  m  ordi-r  to  prc- 
penl  the  oxygen  of  the  air  from  afiecting  the  reaction,  it  turns 
own,  and  noon  dcpu^it^  black  flakus,  formed  by  the  udmixturu  of 
ro  new  BubatanceB,  vtniin  and  vlmie  aerd.  The«e  fiuhgtaiiccii  are 
separated  by  means  of  potatusa,  which  forms  a  enhibk-  salt  with  ulmic 
scid,  while  the  utmin  is  isoluted.  The  formula  of  ulmin,  dried  at 
284°,  is  C^IIjaO^ ;  and  tht'  eolation  of  ulmatc  of  potnaea,  which  is 
of  a  deep  red  colour,  depoalts,  whon  witurated  with  an  acid,  ulmic  acid 
in  the  form  of  a  gelatinous  black  precipitata.  Tbe  ocid  is  slightly 
soluble  in  fresh  water,  but  dues  not  dissolve  in  water  containing 
acids  or  salts.  The  composition  of  iilmic  acid,  dried  at  284*^,  is  the 
same  as  that  of  ulmin,  hut  at  383°  it  loses  2  equivalents  of  water 
without  further  ehrnige,  and  takes  the  formula  0„H,/f„.  The 
acid  dried  at  284°  is  therefore  a  hydrate  C^ll,,0,,-f  2110.  By 
dissolving  ulntic  anid  in  ammonia,  a  soluble  salt  is  obtained,  of  tbe 
ftfrmnla  (NH„HO),C«H„0,,;  and  by  pouring  soluble  metallic 
nits  into  a  solution  of  ulmnte  of  ammonia,  double  smmoniacal 
ulmates  are  precipitated.  Thus,  the  formula  of  the  precipitate 
'elded  by  nitrate  of  silver  is 

(NH,HO),C„H„0„4-AgO,C«H„0^ 

The  water  which  distilled  over  during  the  ebullition  of  the  sugar 
with  tiulphuric  acid  euutaiu»  ii  certain  quantity  of  formic  acid 
C'lUOj.liO;  the  production  of  which,  being  rich  in  oxygon,  explains 
how  sugur,  in  whieh  oxygen  and  hydrogen  exist  in  qoajttitiea  form- 
ing water,  yields,  in  this  new  reaction,  substances  in  which  hydro- 
gen predominates.     If  the  contact  of  air  is  not  avoided  in  this  ex- 
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Hus  gnbstancc  haa  li«on  called  gun-cotton^  nitric  eotUm,  a.adpyroxj/L 
Its  composilion,  from  the  most  correct  anulytds,  comsponda  to 
the  forniula  C^n„0„, '>N0, ;  according  to  ■wluch,  2  eqaJTilents  of 
oelluloee  C,JI^Ou>  have  lost  8  cqairalonta  of  water  and  gaineii  5  of 
nitric  Hcid. 

Pyroxil  is  ineolublc  in  v&tor,  alcohol,  imd  acetic  ncid,  bat  dts- 
■olxes  spariugly  in  pure  #ther.  while  a  much  lareer  tiroportioa 
diswlvca  in  other  to  which  o  few  hundredths  of  alcohol  navo  bcctt 
added;  and  it  also  dissolves  elightlj  in  acetic  ether.  When  pro- 
perly prepared,  pyroxil  ejtplodes  at  a  temperature  of  about  888% 
and  yieloB  a  mixture  of  oude  of  carbon,  carbonic  acid,  QitrOj^> 
and  VBpour  of  water. 

Hemp,  flax,  linen,  paper,  and,  in  nhort,  all  ttuhstanccs  eoDsiftting 
of  cellulose,  j-ield  nnalogons  prndncts,  the  infliiminahility  noil  pro* 
jeotilc  force  of  which  are,  however,  not  the  same,  owing  undoubt- 
edly to  the  difference  of  cohesion  of  the  collulosn  in  the  or!cia»l 
flUMtanco.  Starch  yields  a  similftr  product,  called  nitrit  ttar^,  or 
pgrosam,  the  chemical  composition  of  which  appears  to  be  tit* 
same  oa  timt  of  pyroxyl.  But  pyroxam  ia  soon  spoiled  spoDtan&< 
ouflly,  rspeclally  in  a  inoiHt  atniMphcre, 

It  lafi  been  ascertained  iha-t  a  mLxture  of  e<nial  e<{uivalents  uf , 
moQohydrated  nitric  acid  and  concentrated  nilphuric  acid  can  he 
advanlugeoualy  subalituled  for  pure  monohydrated  nitric  acid.  The' 
cotton  ia  ilippcd  into  it,  withdrawn  in  15  or  20  minutes,  and  ooiD< 
prewed  with  a  glass  spatula  eo  aa  to  dry  it  as  much  as  posrible{j 
aAcr  which  it  is  washed  scronil  times,  and  carofiiUy  dried  at  a  ten*] 
perature  not  exceeding  212'*. 

Gun-cotton,  nhcn  used  in  firearms,  communicates  to  the  ImJI  tht 
itame  iaitiat  force  as  four  times  the  same  weight  of  powder,  aD^] 
poseewefl  in  addition  the  advantage  of  not  fouling  the  piece  nearly 
»ij  much.     It  is  ulao  more  eaaity  transported,  and  U  not  injured  bf\ 
moisture ;    but   all  those  good   (luaiitica  arc  more  than  countur-j 
balanced  by  great  disadvoutages,  which  have  led  to  its  rejection,' 
after  numeroug  experiments  in  various  countries.     Its  chief  objee- 
tioc  \s  ita  liability  to  burst  the  guu,  and  in  all  cases  to  strain  ifcj 
more  than  common  powder.     Its  price  i»  also  %ix  times  grcatcrrj 
than  that  of  powder;  and  sereral  eeriouf)  accidents  bare  occurred  in 
its  manufacture,  which,  however,  might  possibly  be  avoidud  brJ 
greater  care. 

Comparative  experiments  made  in  mining  with  gim-ootlOB  and 
blasting-powdor  have  proved  the  great  .superiority  of  the  former;- 
the  cxploHive  force  of  gun-cotton  naving  been  found  to  he  4  limca 
that  of  blasting-powder ;  and  still  greater  effect,  with  more  economy,  j 
has  been  produced  by  adding  ,%  of  its  weight  of  nitrate  of  potass*] 
to  the  pyroxyl. 

S 1311.  A  solution  of  gun-cotton  in  ether  yields  by  eraporatioaj 
a  transparent  suhstaneo  insoluble  in  water,  and  adhering  powei^s 


MOOIO  AOED. 

fulljT  to  any  bodies  to  wtich  the  etlicrial  solntioa  is  applied.  Ihia 
Banrtance,  c&lled  collodion,  is  now  eitensively  oseu  in  Bindery; 
and  ia  iU  preparation  the  procoss  ju&t  described  for  the  muDOfac- 
tare  of  pjroxyl  a  aligbtlj  modified ;  the  cotton  being  allowed  to 
xemain  for  1  or  2  hours  in  &  mixture  of  3  part^  of  coQccntratecl 
sulphuric  scid  and  2  part^  of  nitrate  uf  potassu,  and  then  wafihecl 
and  dried  as  usual;  a,ft«r  irhich  the  product  is  trciitcd  with  ether 
oontftiuing  ti  or  8  hundrcdlbs  of  alcohol,  whii-h  diHeolvcit  a  portion 
of  it.  The  (Syrupy  solution,  spread  over  the  skin,  leaves,  after  the 
cvapurntian  of  tlic  ctliur,  iiu  iuipurvioiw  pvUieIc  insolublt;  in  water, 
and  sufficiently  adhesive  to  bo  adrontagiMusly  8ul)stituted  for  the 
ordinary  adhesive  plaster  sometimes  oalled.  cottrt-plattcr. 

ACTIOS  OP  NITRIC  ACID  OM  0DM8. 

Mucic  Acid  c,H,o„no. 

§  1S12.  Guma  trealenl  with  hot  nitric  acid  of  commerce  (§  1287) 
yield,  in  addition  to  oxalic  aad  carbonic  acide,  another,  the  mttctc, 
vhich  ill  verv  etlightly  soluble  iu  cold  water;  and  we  have  a^d 
before  that  the  production  of  this  acid  established  a  ready  distinc- 
tiiin  between  gums,  amylaceous  matter,  dextrin,  and  the  mucilagi- 
»iu  and  gelaiinoug  principles  of  vegetaWes.  A  peculiar  kind  of 
ir,  called  suffar  of  milk,  Is  found  in  the  milk  of  mammiferous 
hnimuU,  differinf'  cMStiiitially  from  the  variouH  kinds  of  sugar  hitherto 
lescrilied,  and  ulso  yielding  mucic  acid  with  nitric  acid.  It  is  gene- 
illy  employed  in  the  preparation  of  the  acid,  by  boiling  1  part  of 
wowdered  su^ar  of  milk  witli  (i  partes  of  ordinary  nitric  acid,  and 
[•llowiDg  the  liauid  to  cool  as  soou  as  the  nitrous  vapours  ceato 
Ming  oi'er,  vhca  the  mucic  aeid  ia  deposited  iu  the  form  of  email 
kQular  crystalfl.  It  is  nasthcd  in  cold  and  then  dissolved  in  boil- 
.j  water,  from  which  the  liqnor  deposits  pore  mncic  acid  on  cooi- 
ng. Mucic  acid  dis.'^olves  in  66  parts  of  Doiliog  water,  i»  almost 
Dluble  in  coltl  water,  and  reddens  tincture  of  Gtmus.  If  a  sola- 
so  of  it  be  rapidly  eTapora.ted,  the  substance  undergoes  an  tao- 
aerie  modificatioiL  and  becnmos  soluble  in  alcohol,  which  does  not 
ulve  ordinary  mucic  acid;  and  the  alcoholic  solution  deposits, 
evaporation,  flattened  crystals  which  dissolve  in  IT  parts  of 
Uog  irater.  But  this  modiocation  of  mucic  add  is  not  very  fixed, 
Bing  r^idly  converted  into  ordinary  mucic  aeid  when  its  solutions 
re  allowed  to  cool.  The  two  modifications  of  mucic  acid  yield  djf- 
^ierent  salts;  and  those  of  the  Recond  modiScation,  which  are  the 
dore  soluble,  are  converted,  when  cold,  into  ealts  of  the  first  modi- 
Scation. 
The  alkaline  mucutcs  are  but  slightly  soluble  in  cold  water,  and 

[llie  other  salts  aro  insoluble.     The  formula  of  mucate  of  silver  is 
V»t.  U.—2& 
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AgO,C.H,0.;  and  the  formula  of  cTystftUiscd  mncteaeid  18  C,H,0^' 
vucli  stLOul'i  perhaps  rather  be  written  C,H,0,.HO. 

Mocic  iici(i,  heated  in  »  glaas  retort  fnrnwlicl  with  a  rewiver,  ta' 
decomposed  and  jlclds,  together  with  vcrj  com|iliratc(]  cmp^Tcii- 
mmtic  protltieta  and  a  rcaiduc  of  carbon,  a  new  neid,  cnlled  pyrt)- 
mucic,  which  ie  partly  deposited  in  the  form  of  crjalnia  in  the  neck 
of  the  retort.     By  dlssolring  lhe«o  crystals  in  the  liqnor  cnHectwl  i 
ia  the  receiver,  evaporating  it  to  dirness,  and  sabjccting  the  rc$i-  , 
due  to  resubliiuation,  parer  pyrnmucin  acid  is  obtained ;   and  ImiIt, 
the  acid  is  redisaolvcd  in  wat«r  and  purified  by  crystallixMion. 
Pyromucic  ncid,  which  is  colnnrless,  melcs  at  about  2fi6°,  volatilis*, 
ing  at  a  higher  degree,  and  disAolrctt  in  26  parts  of  cold  and  4  of 
boiling  water.    The  alkaline  pyroimicates  are  very  Bolablo  in  water, ; 
vhilc  tbone  of  the  alkaline  earths  are  very  slightly  bo. 

The  formula  of  p3Tomncate  of  BJlver  is  .\gO,C„H,0„  and  ihatj 
of  rablimed  pyromucic  aoid  is  C^^HjOj+IIO. 


PRODUCTSOF  THE  SPONTANEOUS  DECOMPOSITION  OF  CELXQLOSlI 
AND  OF  THE  OTHER  ESSENTIAL  PRINCIPLES  OF  ■^'EOETABLESL 

§3313.  Vegetables  decompnso  spontoneougly  when  exposed  W, 
moistare  and  ilie  oxygen  of  the  atniospherio  air,  being  coQ?ertelJ 
iato  a  brown  HubHtance  called  humut,  or  mould,  the  nature  of  whicibi 
is  very  imperfectly  known.  Peal  in  an  advanced  stage  of  dccoBk^j 
position,  as  well  ns  the  decomposed  li{:neous  substances  found  intbof 
cavitifa  of  certain  tree?,  coiitiiin  the  same  euhstanecs.  Four  prin- 
cipal substances  hare  been  procured  from  it,  which  appear  to  bol 
identical  with  tliose  obtained  by  causing  acids  to  act  on  sugar  at  I 
the  temperatnre  of  ebullition,  and  which  we  have  deaignated  by  th»i 
namcB  of  humin,  kumtn  aciA,  uimin,  and  uimie  acid;  althoagkj 
they  Bomctimes,  indeed,  present  states  of  hydration  differing  frofll] 
those  of  the  analogous  proJucts  prepared  with  sugar. 

The  formula  of  an  ulmic  acid  obtained  from  a  peat  from  Frirti 
waa  C„II,.0,^4*2HO,  that  is,  it  contained  2  e<|aiii'8.  of  water  mivt ' 
than  the  ulmic  acid  of  augnr ;  and  the  composition  of  its  anunoni*^] 
cal  salt  waa  (NII„1I0),C^II„0   .  1 

A  black  peat  from  llHrletn  (llolland)  yielded  a  hnraatoof  ammo*  , 
nia  {Nn,.H0},C^II^0„+8HO  ;  which 'retained  its  water  at  th« 
tempcmture  of  l^S-t"^  which  is  not  the  ease  in  the  analogovB  wit 
prepared  wiih  the  liumic  acid  retnilcing  from  the  dcoomposition  of 
eiigar. 

MtKBEAL  FUKL. 

53314.  Enormous  quantities  of  combustible  frabataneee,  of  im- 
mense importance  in  metallurgy  and  the  various  arts,  are  found  ia  < 
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tbo  bosom  of  the  earth.  TLer  u-e  evidently  produced  by  the  do- 
oompodtiou  of  rocetable^  which  grew  in  the  ncinitT.  or  im  dfirtt 
of  T^;«t»blce  earned  down  by  rivera.  Peat  mosses  exhibit,  though 
on  a  Btaaller  scale,  an  example  of  this  fonnation;  a«  ihey  conaut 
of  isnumerablc  herlmceoas  vcgctnblcit,  Bpontancouelj  decomposed 
by  the  action  of  water  and  atmoepheric  air;  and  their  Yarions  ataees 
of  •Iteration  rany  be  followed,  from  the  pei-feolly  hcrbacenus  turf  to 
the  earthy  turf  prcaenting  but  few  or  no  reco^isable  rcuitiin^. 
^  The  vegpuMe  stracture  is  fretiucntly  perfectly  preserved  in  the 
mineral  oombii^tibiee  of  the  tertiary  formation,  where  pieces  of 
wood,  culled  lignite,  are  found  still  retaining  their  oriffinal  form, 
bttt  having  becomo  friable,  and  yielding  a  brown  povraor  by  pul- 
Terixation. 

In  the  mineral  fuel  of  older  formationa,  the  v^ctable  structure 
generally  disappeared,  and  it  forms  blnck,  brilliant,  compact 
msasea,  of  a  schistwie  tcxturr-,  yielding  a  bhick  or  more  or  lens 
brown  powder ;  it  is  called  pit-eaal,  or  MO-coal,  and  is  mro  in  the 
teeondary,  but  very  abundant  in  the  traiuition  formation;  in  the 
upper  stratum  of  which  they  arc  bo  frequent  as  to  charactcruso 
them  by  the  uumo  of  roal formation. 

In  the  upper  Htmtu  of  the  transition  rocks  the  mineral  fuel, 
which  is  somotimva  calk-d  anthracite,  m  generally  very  compact, 
rich  in  carbon,  difficult  to  ignite,  and  yielding  but  little  volatile  mat- 
ter by  calcination.     Aathrjicite  is  RometimeK,  though  rarely,  found 

the  superior  etrata,  and  even  in  the  secondary  rocks. 

Pit-coal  of  the  coal  formation  yields  on  calcination  a  great  ([uan- 
iHy  of  volatile  substances  and  inflammable  gases,  and  experiences, 
prior  to  decomposition,  an  incipient  fuiuon,  while  the  coal  remaining, 
or  the  coke,  presents  the  appearuuec  of  a  swollen  or  bloated  inaea.  M- 
thoBgb  the  tftructurc  of  plunts  can  uo  longer  be  rocogtiisoJ  in  certain 
combiHtiblc  minerals,  their  vc^etubte  ori^^in  is  undoubted,  for  in  the 
layers  of  echiat  or  eandstonc  which  botmd  ibe  layers  of  coal,  iiuprea- 
^ons  of  plants  arc  frequently  found,  which  are  so  distinct  and  cleAT 
~  i  to  enable  the  botantsta  to  detect  the  fumily  to  which  they  belong, 
nd  thn*,  partly,  to  restore  the  flora  of  anteuiluvial  epochs. 

In  the  tertiary  rocks  a  mineral  fuel  is  also  found,  which  is  soft,  or 
easily  fusible,  forming  irregular  masses,  or  a  kind  of  strata,  and  pre- 
BCDting  a  bearing  analogous  to  that  of  the  ligniteft,  while  at  other 
times  they  permeate  layers  of  schist  or  sandstone  belonging  to  va- 
riowi  geological  formations,  and  then  seem  to  arise  from  thcdeeom- 
poeition,  by  heat,  of  other  combustible  minerals  contained  in  the 
earth.  Some  of  these  substances,  which  are  called  ditiimen,  con- 
tain a  large  amount  of  nitrogen,  and  are  fetJd,  yielding,  on  distilla- 
tion, considerable  quantities  of  carbonate  of  ammonia.  They  appear 
to  httve  been  generated  by  the  putrefactioa  of  ammal  matter,  chiefly 
by  that  of  fishes,  the  impressions  of  which  are  frequently  found  in 
the  ucighbouriug  rocks. 
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§  1315.  Coals  mij  be  dinded  into  five  classes: 

2.  Tlic  anthrncitci. 

2.  Fat  and  ttrong,  or  hard  pit-coal. 

5.  Fat  hlacktmilft'e  or  bituminoHi  coal. 

4.  Fat  coal  burning  witA  a  hnj  flame, 

6.  J>rtf  coal  burning  with  a  hngflamt. 

1.  Calcination  scnrcely  changoJt  the  nppporance  of  anthracitcd,  si 
their  fragmciit«  atill  rctuin  their  sharp  edges,  und  do  not  adhere  to 
each  other.  They  have  n  Titroona  lustre,  and  their  eurfac«  is  SMDe- 
timcs iridescent,  while  their  powder  Is  black  or  grayiith-tfliick.  They 
bum  with  difficulty,  but  gonemie  n  Inrgo  nmonnt  of  heut  when  their 
combuatioa  is  properly  cBfeclcd.  In  bliist-furnuces  aniUracitoa  re- 
quire a  great  blast,  nnd  those  only  cnn  be  used  which  do  not  soon  foil 
to  powdtT,  aa  utbcrwiso  the  furnace  would  be  apccdily  choked.  Wt 
have  Been  (§  1072)  that  anthracite  is  used  in  Wales  for  heatiiut  r^ 
Torberator^-  furnaces ;  and  it  is  now  proper  to  remark,  that  the  iamt 
produced  by  the  combustibh;  under  these  circumstances  is  not  owiDg 
to  the  combuBtion  of  thcvolatilo  subatancea  given  off  by  the  anthra- 
dte,  bat  rather  to  the  eomhiLstion  of  the  carbonic  oxide  formed  by 
the  passage  of  air  thi-ough  a  thick  layer  of  fuel. 

2.  Fat  and  ntrong,  or  html  pit-codts  yields  a  coke  with  metath'o 
lostre,  but  less  btoutcd  and  more  dense  than  that  of  blacksmiths' 
eeals.  They  are  more  enteetned  in  inetaUurgic  operations  requiring 
a  lirely  nnd  utendy  lire,  nnd  yielil  the  best  coke  for  blast-furnaces. 
Their  powder  is  hmwiish-black. 

5.  Fat  bituminous,  or  blackumith'HcoalR,  yield  a  very  bloated  or 
swollen  coke,  with  metallic  lustre,  and  are  more  highly  valued  for 
forging  purposes,  because  they  produce  a  very  strong  heal,  and  allow 
the  formfttion  of  email  cavities,  in  which  the  pieces  to  be  forged  can 
be  healed.  IJlaokitmith's  conl  in  of  a  beautiful  black  colour,  and 
exhibita  a  eharacterintic  fatty  lu3tre :  ita  powder  ia  brown.  It  is 
generally  brittle,  and  breaks  into  cubical  fragment*,  which  adhere 
to  each  other  iu  the  fire. 

4.  Fat  coaEa  burning  with  a  long  llamo  generally  yield  a  swollen, 
metalloid  coke,  lesa  bloated,  however,  than  that  of  blacksmith's 
cnnl.  These  coals  are  much  esteemed  in  a  roverberatory  furnace* 
particularly  when  a  Hudden  blast  is  required,  as  in  puddling,  and 
are  also  well  adapted  to  domestic  purpose,  and  are  preferr 
the  manufacture  uf  illmninating  gas,  Tht'y  yield  a  good  ook< 
in  small  qtiantity,  and  their  powder  is  brown. 

5.  Dry  pit-coul  burning  w^ith  a  long  £ame  yields  a  solid,  me* 
talloidal  coke,  the  various  fragments  of  which  scarcely  adhere  to  each 
other  by  carbonixatiou.  Tliis  coal  Is  aliso  applicable  to  steam<boilen« 
and  burns  with  a  long  flume,  which,  however,  soon  fails,  and  does 
not  produce  tho  same  amount  of  bent  as  the  coals  of  the  preceding 
cla&s. 
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S  1316.  The  elcmentAiy  &na]jsts  of  combustible  minerdlsi,  wbid 
lily  expUins  their  varioua  properties,  and  indicates  the  uses  to 
'vhich  each  is  most  applicable,  ia  effected  like  that  of  organic  sob* 
etanoee,  (§  1210  tt  »eq. ;)  but  as  coal  is  g«iiera]l;  difficult  to  bnm,  it 
is  neccKiarjr,  at  the  closo  of  the  experiment  b;  which  the  quantity 
of  wat«r  and  carbonic  acid  it  containii  is  (k'ti'rmined,  to  pasii  a  cur- 
rent of  oxj^QD  gofl  through  the  tube,  (§  1211,)  vrhicli  burns  the  last 
particles  of  carbon.     The  organic  auaiyais  of  coal  yields  the  hydro* 
geu,  carbon,  and  nitrogen  wluch  they  contain;  but  it  is  abo  neces- 
sary  to  detemune  the  proportion  of  earthy  matter  which  existA  in 
trj  Tarioui  degrees  in  them,  and  which  remains  in  the  afihee  after 
DmbnstioQ. 
For  this  purpose  ttro  grammes  of  the  cou)  are  ignited  in  a  thia 
platinum  cupaule,  heuteU  by  un  alcoholic-lamp,  and  the  ashes  re- 
tnaining  are  wiiighoil.     This  method  of  iuctiierution  is  difficult,  and 
re(]uire8  oonndcrablc  time,  only  in  those  authracitc»  which  do  not 
born  readily,  and  it  is  then  more  cosily  effected  if  the  coiimely  pow- 
dered anthracite  bo  placed  in  a  amalf  platinum  vessel,  healed  in  a 
^B  •eorrent  of  oxygon  in  a  porcelain  tube. 

Bl    It    is  essential  carefully  to  examine  the  nature  of   the  ashes. 

Sean^al  of  the  coal  formation  frequently  leaves  argillaceous  ashes, 

in  which  case  there  is  a  trifling  error  in  the  iupposed  composition 

^Lcf  the  fui^l,  because  the  smsU  ijunnlity  of  water  always  cootainedin 

^ulay,  and  which  it  loses  at  a  rcd-hcat,  id  regarded  as  existing  in  tb« 

^■ttate  of  hydrogen ;  and  this  error,  which  is  of  no  importance  if  the 

^nusDtity  of  ashes  is  smill,  may  be  consider&blo  in  the  oppoeit«  case. 

HBTho  aslies  of^n  cont-aiii,  likewise,  peroxide  of  iron,  which  metal  gc- 

ncrallv  exists  in  coal  in  the  stato  of  pyrites,  and  the  analysis  is 

thus  inaccurate  for  two  reasons;  the  proportion  of  ashes  is  valued 

at  too  low  a  rate,  because,  instead  of  the  iron  pyrites,  sesquioxido 

of  iron  is  weighed,  the  weight  of  which,  for  tlie  same  quantity  of 

iroa,  is  less;  and  again,  in  cotnbuntion  by  oxide  of  copper,  the 

sobrtaacc  may  yield  sulphurous  acid,  which  interferes  with  the  d«t«r- 

minatiou  of  hydrogen  and  csibon.     The  latl«r  cause  of  error  ia 

avoided  by  placing  in  tbe  comhuidion-tube,  in  front  of  the  oxide  of 

copper,  a  column  of  one  or  two  decimetres  of  oxide  of  lend,  which 

completely  retains  the  sulphurous  acid,  (S  1216.)    The  (juantity  of 

pyrites  in  the  coal  may  be  oscertaitied  by  determining,  on  the  one 

band,  the  itnantity  of  se^iquioxido  of  iron  which  exists  in  the  nshes, 

aod,  on  the  other,  the  quantity  of  sulphuric  acid  yielded  by  a  known 

weight  of  coal,  powdered  veryfinely,  and  acted  on  by  fuming  nitrio 

■d^  or  ordinary  nitric  acid,  to  which  small  {[uantities  of  chlorate  of 

potaJBsa  are  gr^ually  added.     It  is  evident  that  these  determina- 

tioDs  are  Dcceseary  only  when  tho  combustible  produces  a  large  qoan- 

tity  of  ashes,  and  when  the  latter  are  very  ochrnus. 

Coal  belonging  to  the  secondary  and  tertiary  formations  ofteo 
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_  calcareous  ashes,  in  vtach  case  it  becomes  necessary,  1}cfor« 

mngliing  tJiein,  to  sprinkle  them  with  a  solution  of  carbonate  of  am* 
inonia,  which  is  subsequently  eTnpor&tcd  nc  »  gentle  tcmperatmre. 
Butthcdctennination  of  the  cnrbon  is  generally  inaccnrate,  Wcaase 
the  carbonate  of  litoe  of  the  ashes  gives  off,  hy  contact  with  the  os* 
ide  of  copper  in  the  combustion-tube,  a  portion  of  its  carbonic  acid ; 
nni  the  oxide  of  copper  must  then  he  replaced  by  ohromate  of  li^nd, 
intimateW  itnd  largely  mixed,  with  the  coftl  rcducod  to  impalpable 
powder,  fS  121(5,)  nfier  which  the  carhonio  ncid  produced  by  the  car- 
Donates  of  the  oshee,  which  has  been  detenu  im-d  by  direct  weighiae 
of  thoso  carbonates,  is  subtracted  from  tho  carbonic  acid  fomiM 
by  combustion. 

Coal  also  retains  one  or  two  per  cent,  of  hygrometric  water,  itbich 
must  be  previously  driven  oflf  by  drying  it  in  a  etOTC  at  270°  or  280", 

§  1317.  It  is  necessary,  in  order  to  form  a  correct  judgmont  of 
the  nature  of  a  combu-^tiblf^,  to  determine  the  weight  of  ooke  it 
yields  by  biirriing  ;  and  it  is  indispensable  that  this  operation  should 
always  be  conducted  under  the  same  circumHtancey,  as  the  quantity 
and  nature  of  the  coke  depend  on  the  manner  of  calcination.  The 
best  method  contiiRts  in  placing  8  gm.  of  the  coal  iu  a  thiu  pla- 
tinum crucible,  accurately  covered  by  its  lid,  and  rapidly  heating 
it  to  a  reii-lieat.  The  emcible  is  kept  at  a  red-heat  for  eight 
minutes,  ond  aft«r  coolin;;  without  being  uncovered,  the  coke  il 
weighed,  and  carefully  examined.* 

§  1318.  Tbo  calorific  power  of  fuel  is  calculated  from  its  chemi- 
cal composition ;  admitting  that  this  power  is  ctjual  to  the  sum  of 
that  of  the  carbon  it  contains,  and  that  of  the  hydrogen  obtaine4 
by  subtracting  from  the  total  quantity  of  hydrogen  that  which 
would  form  water  with  the  oxygen  contained  in  the  fuel.  This  hy- 
pothesis is  not  strictly  true,  but  it  may  be  admitted  wh<m  tlie  qnan- 
tities  of  heat  afforded  by  various  kinds  of  fuel  are  only  to  be  com- 
pared by  appro^mation.f 

Thia  comparison  is  generally  made  in  another  way,  baaed  on  tfa*^ 
Hupponition  that  the  calorific  powers  of  comhustiblca  are  in  propor- 
lion  to  their  reducing  powem ;  that  is,  to  the  weight  of  the  same  oxide 
which  they  can  reduce  to  the  metallic  state.  An  intimate  mixtnrS 
of  1  gramme  of  finely  powdered  combustible  and  40  gm.  of  litharge 
being  introduced  into  an  earthen  crucible,  '29  gm.  of  litharge  an 
added,  and  the  crucible  a  covered  with  itti  lid  and  rapidly  heated 
to  a  red-beat.  It  is  allowed  to  cool,  and,  after  being  broken,  the 
lump  of  lead  is  weighed,  which  rapidly  acpitrates  from  the  scoria  of 
the  litharge ;  and  it  ia  assumed  that  the  calortiic  powers  of  combna* 

*  Ripiil  aiilting  it  very  waatefktl  of  eoke,  tail  yields  &  largtr  ani«iist  of  tar  and 
gsacaus  priitliicU. — J.  C.  J{. 

f  M.  IIiiD'fl  cipcrim«nia  uu  tav\  the  best  tiier  made,  lin*e  ehawa  Uio  hUacj 
of  titt  nnnmftioa  nacicJ  lu  Uic  Lest.—/.  C,  B. 
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tibleB  are  in  proportion  to  the  weight  of  lead  yielded  by  this  experi- 
ment. This  sapposition  is  not  absolntely  exact,  because  ootnbusti- 
bles  yield,  before  attaining  the  temperature  at  which  they  act  on 
the  Utfaarge,  a  small  quantity  of  volatile  sabstances  poaaessing  a  re- 
ducing power — which  substances  are  more  abundant  in  combustibles 
of  recent  formation  than  in  those  containing  a  larger  proportion 
of  oxygen. 

§1319.  The  following  table  exhibits  the  compositioti  of  a  large 
number  of  kinds  of  mineral  fuel,  taken  &om  various  geological  for- 
mations, and  from  the  kinds  best  marked  and  most  extensively  ap- 
plied  in  the  arts.  The  fragments  containing  least  ashes  have  also 
been  choaeu,  in  order  to  cast  no  nucertainty  on  the  composition  of 
the  combustible  itself. 

The  table  contains,  Ist,  the  actual  composition  of  the  coal,  as 
horded  by  direct  analysis ;  and,  2dly,  the  composition  calculated 
by  abstracting  the  ashes  contained : — 
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Cuben. 
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1.919 

1.410 

89.5 
8S.9 
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70.61 
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01.41 

1.07 
0.B2 
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4.74 

4.35 

5.22 
3.10 
6.90 

10.05 

14.04 

4.67 

30.47 

1.00 

11.86 

19.20 

03.78 
05.90 
89.16 

83.40 

77.25 

1.75 

1.35 
4.88 

5.33 

S.3S 

G.47 
1.85 
6.BS 

11.38 

17.67 

IJIA 
1.305 

«!.S 
43.0 

ri.9i 

74.38 

6.45 
6.79 

18.53 

18.94 

4.08 
0.80 
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5.69 
5.84 

19.3B 
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L2T3 

1.IS4 
1.351 
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49.1 

41.1 

4S.S 
49.5 

0B.G3 

03.01 
70.73 
69.05 

6.69 

4.68 
4.85 
5.20 

19.90 

18.98 
33.85 
23.74 

4.99 

13.43 
1.77 
3.01 

73.18 

73.78 
73.00 
71.20 

S.88 

5.20 
1.B3 
5.30 

21.1i 

21.08 
23.07 
33.14 

1.185 

1.100 
l-lflT 

3S.9 
30.1 

80.30 

03.43 
55.37 

6.00 

4.98 
5.70 

25.83 

27.11 
30.84 

9.02 

6.49 
2.19 

60.30 
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60.50 

6.49 

5.27 
5.83 

28.15 

28.09 

37.87 

1.157 
1.197 

27.4 
39.0 
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74.82 

7.48 
7.36 
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13.99 
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3.94 

76.68 
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1S.S7 
14.57 
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3.80 
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10.09 
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68.25 

57.2B 
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8.11 

32.54 
32.17 

31.50 
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4.01 

5.33 

50.87 
00.08 

00.31 
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6.31 

0.45 

34.47 
83.73 

33.31 

11 

49,00 

5.80 

43.50 

2.04 
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6.B4 

43.44 
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of  Rairaal  nbetanocB,  tliffer  esmatioJlj  fVom  coal  prc^erly  eo  ca11«d, 
conuining  mucli  larger  ((uaotilies  of  hydrogen. 

ALCOHOLIC  FERMENTATIOX 

|]$21.  The  majoritj  of  vegetables  containiDg  amylaceous  matter 
jntnin,  at  the  same  time,  aubstaiices  which  can,  under  favourable 
ircum»tftnc«3,  convert  this  matter  into  sugar.  These  substances 
[arc  sometimes  developed  only  ut  oertoia  etages  of  regetntion ;  as, 
.g,  the  grains  of  the  corotia  contain  at  the  moment  of  germination 
B  peculiar  Rubstance,  diastase,  (§  1805,)  which  chiefly  residca  at  the 
pomt  of  insertion  of  the  f>erra  in  the  grain,  and  whieh,  onder  fa- 
^Tonrable  conditiuna,  rapidly  converts  elarch  iiito  a  soluble  sub- 
mce,  dextrin,  and  then  into  Biigar,  if  it«  action  bo  continued  for 
a  rafficieat  lcn;;th  of  time.  In  these  Buecessivc  transformations  the 
chemical  composititvn  of  the  amylraceous  matter  is  unchanged,  while 
it  has  heceme  soluble,  ami  maybe  carried  Into  the  cireulatioii  of  the 
f»p,  where  it  aJdn  in  the  deTeiopment  of  the  vegetable,  by  forming 
the  celluloRc  which  is  to  eonstttute  the  skeleton  of  the  new  plan*. 

Hipe  fnitl«  which  contain  a  large  quantity  of  Piigar,  like- 
wise contain  a  peculiar  aulis^tance,  called  femient,  which,  under 
certain  circnm  stances,  pflseesaes  the  property  of  decompoang  the 
eagary  matter  into  ulcohul  and  carbonic  acid ;  a  certain  tenipera- 
tore  and  the  contact  of  oxygoD  or  atmospheric  lur  boitig  reqmred 
for  the  exerciBe  of  the  action.  If  ripe  grnpea  bo  expressed  under 
mercury,  and  the  juice  collected  in  a  bell-glass  completely  filled 
with  mercury,  it  will  remain  imchnnged  for  several  days;  bnt  if  a 
few  bubbles  of  o-xvgen  or  atmosphenc  air  be  introduced  into  the 
bell-glas!t,  a  considerable  volume  of  gas  is  diHcngaged,  the  evolution 
of  which  ceases  generally  in  3  or  3  days.  If  the  juice  bo  then  ex- 
amined, a  volatile  liq^oid,  culled  alcohol^  will  be  found  to  have  taken 
the  place  of  all  tJie  Bugar ;  but  if  the  sugajy  subatanco  of  the  fruit 
is  not  decnmpatcd  in  the  uninjorcd  fnut,  it  is  because  the  active 
principle,  or  fcrmt^nt,  or  the  sabstaneea  which  produce  it,  did  not 
camo  in  conlnct  with  oxygen,  a  condition  indispunaable  for  the  pro- 
duction' of  fermcntntiou. 

Ferment  is  also  produced  when  animal  or  vegetable  matter  is 
allowed  to  decompose  spontaneously,  aa  in  the  manufacture  of  boer, 
when  it  is  called  yen**  ef^«r,  or  timplyy«(Mf,  which  mbstance  soon 
effects  the  fermentation  of  the  aqueous  solution  of  the  sugars  and 
their  complete  conversioD  into  alcohol  and  carbonic  acid.  Muscular 
flesh,  urine,  gelatin,  white  of  eggs,  cheese,  gluten,  legumtn,  extracts 
of  meat  and  blood,  left  to  themselves  for  some  lime,  exposed  to  air 
and  moisture,  and  thus  undergoing  the  process  known  as  putrefac- 
tJOD,  cauBo  HDgars  to  ferment,  and  convert  them  into  alcohol  and 
oarhonic  acid. 

All  the  sugars  above  deaoribed  undergo  this  decomposition  under 
the  influence  of  ferment,  and  it  is  ft  dutinctiTe  chuacter  of  thid 
Vot.  IL— 28 
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rlus  of  organic  proilucta,  ilitongh  they  do  not  all  experience  it  la 
ihe  same  space  of  time ;  the  sugar  of  acid  fruits  taming  to  the  left, 
ilic  solid  nngiir  of  dry  frulte  and  glucose  being  very  rapidly  de- 
stroyed by  fermentation,  while  cane-snf^ar  rer|uire3  a  longer  time. 
It  is  OTcn  easy  to  peroeire,  by  the  inversion  of  tte  rotatory  poven, 
that  cane-sugar  undergoes  fermentation  only  after  bein^  converted 
into  rruit-sugar-     Trcsh  ferment  always  contains  a  considerahl* 
quantity  of  acid,  which  fir»t  changm  the  canc-mgar  into  fruit 
BOgar;  bnt  aa  vegetable  acids  require  considerable  time  to  efft-etj 
this  trandforination,  its  ftrmcntation  is  very  slow.     Yeast,  freed! 
from  thetto  acids  by  wn«h)ug,  for  a  long  time  exerta  nu  action  on 
cane-Riigar,  and  fermentation  commcnecA  only  nlioa  frcRb  quaotitiGa 
of  acid  are  formed  by  tbo  gpontaueous  change  in  the  yea«  from  ex- 
potiurc  to  air  and  water.    If,  qq  the  contrary,  the  acid  liqoid  arising;] 
from  waj&hiiig  tbo  yeast  be  luldod  to  the  aolution  of  sugar,  the 
stigar  is  gradually  transformed  into  fniit-eugor,  which  immc^liatelj] 
ferments  when  brought  into  contact  with  the  washed  yeast. 
One  bundrod  parts  of  fmit-sugor  yield  by  fermentation 

48.88  of  carbonic  acid 
and  51.12  of  alcobol ; 

so  that  the  cbcmicnl  elements  of  the  yeaitt  appear  to  have  no  agency 
in  the  reaction,  which  is  expressed  by  the  following  eqn&lJon: 

Sugar.  AleohoL 

§1322.  That  the  decomposition  of  sugar  by  fermentntion  is  eOected'| 
only  by  tlia  immediate  contact  of  yeast,  ts  easily  fdiown  bj  the  follow> 
ing  experiment: — Having  adApted,  by  means  of  a  cork,  to  the  mouth  ' 
of  a  bottle  A,  (fig.  G66,)  containing  a  tiolution  of  sugar, 
a  large  tube  aAopcn  at  both  endis  ihe  lower  one  of  whicliil 
is  covered  by  a  shret  cif  bibnIaUH  paper,  a  small  qoantt^J 
of  yc&et  of  beer  slightly  diluted  with  water  is  introduced 
into  the  tube.     As  the  solution  of  sugar  penetrates  the, 
tube  ab  through  the  paper,  fermentation  ensues  ren 
actively,  and   cnrbunic   acid  b  copiously  disengage^! 
while  no  similar  reaction  takes  place  in  the  liquor  m  tbsj 
Fig,  SUB.     I)f,ti,lr,  which  rcmaiiw  nnchungcd  for  any  length  of  timu' 
During  the  documposttiun  of  sugar  by  fermentation,  tlio  ferment^ 
ttt^  is  (uatroyed,  no  that  a  Kinall  quantity  of  the  active  principlo 
Ofinaot  decompose  an  indciiuite  quantity  of  sugar;  and  if  the  pro  , 
portion  of  yeast  bo  too  buuH,  ita  decomposition  is  effected  beli»fl{ 
that  of  the  sugar,  a  portion  of  which  then  remains  unchanged  in 
tho  liquor.     If,  on  tnc  contrary,  the  yeast  predominates,  the  d«- 
composiiion  of  the  Hiigar  is  effected  boforo  tiiat  of  the  y«ast,  aoij 
the  latter  «ontinu<!s  to  chango  spontaneously;  and  if  an  additjooU^ 
quantity  of  the  solution  of  sugar  oe  introduced,  it  produces  ferment**' 
tioD  untU  it  is  entirely  destroyed.    The  beet  proportions  to  iadnc 
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rapid  fonnonlation  «re  1  p«rt  of  cant-sugar,  3  or  4  of  water,  and 
4  of  fresh  yeast ;  and  if  the  proportion  of  Bugftr  be  increased,  the 
fermcQtiLlion  becomes  less  acuve,  and  ceases  eutiri'ty  if  a  saturattd 
solution  of  sugnr  be  iii«cd.  In  all  cases  BO^ftr  does  not  dwtro^ 
more  than  2  per  cent,  of  its  weight  of  ferment. 

The  weak  acids,  in  small  quantities,  incroaso  fermentation,  while 
slkalioB,  on  the  contrary,  arrest  or  completely  modify  the  proccea. 

§  1823.  Ferment  is  n  species  of  microscopic  vegetable,  nhich  u 
apontaueoualy  developed  in  the  or":aiis  of  plants,  and  in  a  large 
Dombcr  of  nitrogeDous  substnnccs  wbcn  Icfl  to  putrefy ;  and  which 
it  also  formed  by  exposing  to  the  ordinary  temperature  a  aolutiou 
of  SDgar  mixed  with  albnminoiis  substances  of  vegetablo  oranimnl 
origiiL  After  sonx  time  the  liquor  becomes  cloudy,  and  small 
OToidal  bodies  are  deposited,  gradu.<illy  incrcasitii'  in  siae  until  ihey 
attain  a  diameter  of  the  ,}o  of  a  tnillimetrc.  Two  species  of  fer- 
menta,  diflfering  in  their  maimer  of  development  and  mode  of  action 
on  solutions  of  sugar,  may  be  observed.  The  first,  called  upper 
yeast-,  is  developed  rn  a  mixture  of  sugar  and  water  and  stbnrainous 
substances,  when  the  temperature  iii  eompriiipd  between  64.5''  and 
77° ;  while  the  second,  or  hictr  f/eatt,  is  only  found  at  temperatures 
between  32"  and  4G,4*.  In  order  to  stody  the  shape  and  derelop- 
ment  of  the  globules  under  the  microHCope,  a  very  email  quantity 
of  yeast  m  ailuted  in  an  infasinn  of  grain,  iiprouted  barley  for 
example,  aod  a  drop  of  the  liquid  is  placed  between  two  pieces  of 
ihia  glass,  tbe  edges  of  which  are  luted  to  prevent  the  evaporation 

*0f  the  water.  Thcso  plates  are  placed  under  the  microscope,  taking 
sare  to  bring  an  isolated  globule  of  yeast  under  the  centre  cross- 
threads  of  the  micrometer,  in  order  to  Htmly  ita  development.  Figs, 
6H7  to  B74  rcprejent  the  arrangement  of  the  new  globules  of  fer- 
ment which  form  succeHsively  around  an  origitml  globule  1,  the 
temperature  being  ahont  6ti.2°.  During  the  lir!>t  two  hnum  the 
globule  1  (fig.  667J  exhibitH  nothing  peculiar ;  wliile,  after  this 
period,  there  formfl  at  a  point  of  its  surface  a  rupture  which  gradu- 
ally increases  for  six  hours,  until  it  Xvas  attained  the  dimensions  of 
the  original  clobulo,  (fig.  669.)  The  second  globule  eoon  gcnoratce 
a  third,  which  arised  on  the  sides  of  the  second  (figs.  6Ci)  and  070) 
in  the  same  way  as  this  grew  on  the  first,  and  eo  on.  In  an  ex- 
periment looting  three  days,  ^0  globules  (fig.  674)  had  formed 
aronnd  the  original  globule  1 ;  and  on  the  foarth  day  another 
formed,  which  was  the  last,  the  albuminous  matter  necessary  for 
their  formation  hating  probably  been  exhausted.  Sue  suecesmve 
generations,  which  were  thns  tibsrri'ed,  are  indicated  in  the  figures 
by  ciphers,  according  to  tlio  order  of  their  origin.  The  various 
glotmlcM  adhered  to  cacb  other,  but  there  appeared  to  be  no  inter- 
, .    communication. 

tit  will  hence  be  perceived  that,  on  adding  an  albuminous  aub- 
Jice  to  a  mixture  of  sugar  and  ferment,  ttie  sugar  is  not  alone 
I  •  I 
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aff«cl«d  by  the  ferment,  w  the  albuminous  matter  itself  ondergoee 
fievcTftl  metamorpbows  and  ia  oouveited  into  reut;  vbich  fact  «x- 
pluns  ibe  reaaon  vliy,  in  bMVwies,  at  the  clow  of  the  opentioD, 
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Fig.  03S. 


Pig.  a&9. 


Fig.  671. 


Pig.  0TS. 


Pig.  t-4. 


a  quantity  of  yeast  ia  wiibdrnwn  scircn  or  eight  time^  greater  llitn 
that  which  hnwl  been  orifpnally  iiaod.  The  yeast  is  earcfiilly  col- 
lected, and  eubsequently  ueed  to  effect  other  fenneDtBUODs,  par- 
ticularly in  the  mrLking  of  brend. 

It  is  engy  to  observe  that  each  glnbulc  ts  compoacd  of  a  Bolid 
envelope  containing  a  liquid;  and  it  therefore  forms  a  sort  of  cell, 
which  is  lined  with  a  Uyer  of  mudlaginoiu  substance.     On  ob-*' 
serving  for  several  days  the  sytiteina  of  globules  which  hare  acquired  * 
their  perfect  development,  it  will  he  seen  that  smaller  granules  1 
whoae  rapid  motion  provoji  that  they  float  in  n  liquid,  are  fonB«a,'| 
in  each  globule  ;  a.U'i  after  a  ttuilictent  length  of  time  the  vhole  of 
the  contikincil  liquid  is  converted  into  granules. 

The  globultaj  Uw  deyoloptQeiit  of  whtob  we  have  followed  bel« 
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upper  yeast ;  and  it  is  easj  to  B«e  that  they  nre  formed  by 
upon  CB<h  other.     The  lower  yeast  is  always  composed  of 
•(L  globiUcs   HCAttered  through  the   liqaid ;    their  formation 
eytn;;  tno  some  Uve  as  those  of  the  upper  Teast,  Trhilo  the  tem- 
perature must  not  exceed  44.6"  or  46,4°.     Each  clohule  appeare 
ut  first  like  itn  isolated  point  in  the  licjuid,  and  craduallj  increase!; 
until  it  attaitiH  a  diamxrlt-r  of  about  ^  of  a  millimetre.     Some  oh* 
servers  thiuk  thut  tho  old  globules  uf  lower  yeast  burst  and  suspend 
in  the  liijuor  the  grunuloa  they  contain,  each  of  which  would  then 
be  tnuisformod  luto  a  globule ;  in  which  case  the  mode  of  genera- 
tioD  of  the  lower  woiUu  differ  totallr  from  that  of  the  upper  yeast. 
If  the  temperature  be  raised  to  68°  or  77*,  the  isolated  globules 
of  lower  ycaat  ore  immediately  developed  by  ehoote,  and  then  pro- 
*  lee  upper  yea«t. 

§  1324.  The  action  of  the  two  ^da  of  yeast  on  solutions  of 
sugar  is  also  very  different;  upper  yeast  producing  a  much  more 
actire  fermentation,  with  a  copious  evolution  of  carbonic  acid, 
while  the  yeast  u  violently  agitated  in  the  liquid,  &tid  ascends  to 
its  surface;  while,  on  the  other  hand,  lower  yea«t  acts  much  more 
slowly,  and  frequently  requires  two  or  three  months  to  cBcoC  the 
complete  trans fonnntion  of  sugar  into  alcohol  and  carbonic  add,  the 
ferment  being  disturbed  by  uo  rapid  movcmeut,  but  on  the  contrary 
gently  deposited  at  the  bottom  of  the  liquid.  Lower  yeast  is  used 
in  the  manufacture  of  certain  kinJs  of  boor,  particularly  that 
called  Bavarian. 
!■  it  has  been  impossible  to  follow  with  the  microscope  the  trans- 
PBM^H'matione  of  yeaat  diiitng  the  formentaEion  of  sagiir,  on  account 
of  thfl  (Usengagcment  of  cnrbonio  acid  ;  and  it  has  been  merely  as- 
certained that  tlic  yeast  increases  by  about  ^  of  its  weight.  Its 
chemieai  composition  is  also  changed ;  and  while  fresh  yeast  tms 

ibeen  found  to  ceatain 
Carbou 47.0 
j            Hydrogen 6.9 
[          Nitrogen 10.0 
t           Oxygen,  about 85.0 

and,  in  addition,  omnll  quantities  of  sulphur,  phospbonis,  and  some 
mineral  ba«e!i,  such  lis  potsssa  and  lime  ;  the  same  yeast,  after  fer- 
meutation  was  composed  of 

II            Carbon 47.6 
Hydrogen 7.2 
\           Nitrogen 5.0 
Thus,  the  carbon  remained  nearly  the  same,  while  the  hydrogen 
•ensibly  iacrcasod,  and  the  nitrogen  dcorenscd  by  one-half. 

On  bringing  an  aqueous  solution  of  iodtoe  into  contact  with 
globules  of  ferment,  the  outer  envelope  is  not  cobured,  while  the 


filO 


ACnOK  OF  FEBMItSTS. 


liquid  inside  becomes  of  a  brown  colour,  -which  mhj  be  proved  by 
cnwhing  ihe  globules  between  plutes  of  glass,  when  the  envelopM 
exhibit  the  charactera  of  eellulutio.  When  a  certain  quantity  of 
yeast  19  allowed  to  tlccomposc  completely,  in  contact  with  a  Mlib- 
k-fiVi  of  Bvgar,  and  the  reaidttc  iti  bnii&ed  in  a  mortar,  and  perfectly 

~  tosloil  by  water,  alcobol,  and  ether,  a  wlute  Bubstance  reiaatiu, 
wlueh  yieldii  glucose  with  sulphuric  acid,  and  doee  not  dJMolrttin 
alkaline  li<iiiiilA,  which,  on  the  contrary,  immediately  diBaolve  tb« ; 
albnminouH  Rubstances  in  yeaet,* 

S  ];t2.5.  Ferment,  dried  ta  racuo  or  at  a  low  temperature,  yields 
a  hard,  curneouii,  Bemi-tniitHparuiit,  and  reddiali^gray  ma.'Oi ;  the  pro- 
perty of  which,  of  causing  the  fcnuonlation  of  aaccharine  lianoca,  il 
onlr  suspended,  and  xn  again  called  forth  by  digeating  the  suMtaiiw 
for  some  time  in  water.  If  it  be  boiled  for  a  few  moraenta*  tt 
loses  this  property;  but  may  recover  it  by  contact  with  the  wr, 
when  it  has  not  been  expoi^d  fur  too  long  a  period  to  a  temperatim 
of  212°.  Alcohol,  sea-salt,  and  a  great  excess  of  pngar,  oxide  of 
mercury,  corroHive  sublimate,  p}Tulign,eou))  acid,  sulpnnroas  arad, 
nitrate  of  aiker,  the  essential  oils,  etc  etc.  deelroy  the  fermenting 
power  of  yeiMt ;  while  certain  Bubatancea,  which  are  rery  violent 
poisons  to  animals,  such  an  arscnioua  acid  and  tartar  cmetto,  do  not 
produce  this  e(fect;  and  neither  do  these  Bubotancca  prevent  tlie 
fennentation  of  certiun  microscopic  plante,  for  t^ohtions  of  tartar 
emetic,  if  ciposed  to  the  siir,  bocomo  ooTered  with  conferTS). 

Tlie  action  by  which  ferment  converts  &ugar  iato  aJcohol  and 
carbonic  attid  is  vet  uncJ^plained.  Some  chenibts  insist  that  vital 
force  oauecs  the  derelopment  and  successive  motamorplioscft  of  the 
globaW«  of  fcnnent ;  while  others  think  that  ferment  only  acts  by 
]ts  proBence.  and  that  its  action  Bhould  be  compared  to  that  )rf 
which  certain  mineral  subfutanccs  effect  the  decomposition  of  feebuj 
compounds  without  any  change  in  thoir  elementary  compoeitioik 
Thus,  binozide  of  manganeao  will  decompose  binozi(w  of  liydrogcn 
into  oxygen  and  water,  without  being  itself  in  the  least  changed; 
and  BO  again,  chlorate  of  potossa,  which  ia  decomposed  only  at  a 
temperature  of  930°  or  1020°  when  heated  alone,  experiences  t  bis  dc^ 
composition  at  a  much  lower  temperature  when  it  is  iiitimalvly  mixed 
■with  oxide  of  copper  or  binoxide  of  manganese,  oxides  which  remain 
unchanged  it>  the  residue.  Lastly,  according  to  eome  autliuns  the 
moTemcnts  of  the  particles  of  ferment  daring  their  enccessivc  mota- 
morphoaea  are  the  principal  cause  of  the  decompositioa  of  togar;' 
as  these  movements,  by  being  communicated  to  tae  saccharine  psr-1 


*  la  an  inveitlgatlni  of  tba  pr»dDot«  of  tha  raestaMpiia    _ , , 
mnntailoTi,  of  jteul  of  bew  alaDc,  I  foond  die  VriAii  iiiiililili  lathsii 
to  be  oomiilotcl;  4e>oompai«d  Inio  butjnlo  add  with  ttaon  of  Tslerlaiite,  Ul 
•  vutBluico  tho  buhaTlonr  of  wUich  cDrmpoaiiled  tn  bII  rcspecu  to  Icticia,  but  i 
tba  aasljaii  of  itUoh  iru  lufgrtunfttct/  prevented  b;  ftcctilcal. —  W.  L.  /'. 
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tides,  destroy  their  iaerUa,  aad  ca.usa  tlie  elemontury  roolccuica  to 
bi-  grouped  so  aa  to  furm  niHra  fixed  compounds.  We  shall  be 
KttisSed  with  slating  what  is  kuowii  conceniiug  alcoliolic  fermonta- 
tioot  and  bhaU  venture  no  L'xpUtiatioQurtbiamjsteriouAphRnninonon, 
which  Li  as  yat  too  imperfL<ctly  uuderstood  to  allour  the  establish- 
mcDt  of  ftny  theory  upon  ocrtaio  data. 

Aleofwl  CJI,0^ 

}1826.  It  hoi!  bccQ  mentioned  tlint  a  eoiuuou  of  sugar,  wh^n 
left  for  some  linic  in  ceuUot  with  ^-cnat  of  beer,  soon  fcrmentH,  and 
is  coDvorted  into  nlcohol  and  CArbonic  iicid ;  but  tlio  euiuo  d«couipo- 
ailion  t&kvn  plnoo  BpoQtnneouBlj'  in  the  »ucchuriiic  juico  of  many 
fniilA,  snch  as  grapes,  cherries,  curriinta,  apples,  pears,  etc. ;  and 
aUo  coaues,  when  aasiated  by  yeast,  in  the  Bacchiirinc  Uquora  pro- 
duce*! by  amjlaccou*  enbetances  in  the  presence  of  diastase.  The 
alcoho]  remain-'^  in  the  liquor,  and  tnay  bo  Aepar&ted  from  it  by 
di-otiUiitioQ,  because  it  is  raorp  volatile  tban  water.  In  fact,  on  dis- 
tilling in  an  alembir,  wine,  beer,  cider,  or  other  alcoholic  liquors, 
the  first  portions  of  litjuid  nhich  pasn  over  are  much  richer  in  alco- 
hol than  the  residue;  and  if  the  dit^tillation  be  arretted  at  the 
proper  moment,  the  residue  conlalnii  scarcely  any  alcohol.  For 
this  purpose,  alcoholic  liquora  are  usnd,  tlie  produciion  of  which 
exceeds  their  conaumptioii,  or  the  inferior  ((uality  of  which  renders 
them  unfit  for  market. 

If  the  distilled  portions  be  rcdisLilled,  tbc  first  liquors  are  still 
richer  in  alcohol,  and  thus  alcoholic  liq^uors  arc  obtained  bearing 
different  names,  according  to  their  strength;  and  while  liqoora 
containing  fiO  to  !)5  per  cent,  of  alcohol  are  called  brandieg,  those 
containing  more  are  called  tpiritt.  By  a  proper  process  of  distilla- 
tion, liquors  containing  from  85  to  90  per  cent,  of  alcohol  may  be 
obtained,  which  then  nearly  eonaist  of 

1  «i.  of  alcohol  C,H,0, 46 88.7 

leq.  of  wat«r. _p -16.8 

55 100.0 

The  last  portions  of  water  cannot  be  removed  by  distillation,  but 
they  arc  scpnratc<l  by  combining  them  with  substances  which  have 
B  great  affinity  for  water,  and  which  do  not  unite  perraiuiently 
vita  alcohol. 

The  best  method  of  obtaining  aQhydrons  alcohol  consists  in  pour* 
ing  alcohol  of  SS  or  90  per  cent,  into  a  largo  bottle  containing  quick- 
lime prepared  by  the  proves  mentioned  §555.  shaking  the  bottle 
sorcnil  timc«,  and  allowing  it  to  rest  for  24  hours ;  after  which  the 
liquid  ij)  distilled  in  a  water-bath,  arranged  as  in  iig.  149,  until  do 
more  liquid  passes  orcr.  The  alcohof  thus  obtamed  being  not 
entirely  freed  from  water,  the  operation  must  be  renewed ;  but  thin 
process  iritl  often  not  yield  completely  anhydrous  alcohol;  sod 
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the  hiehlj  concentrated  alooliol  must  bo  diesolvpd  in  a  cercaio  (^mn- 
tity  Dt  melted  caostic  poUMft,  uhI  dtstiUed  over  a  Ere,  or  ia  »  bad) 
of  chloride  of  calchim,  luidl  (  of  the  Uqvor  have  puaed  over.  The 
distilled  liqoid,  whioh  u  then  aahT^rou  or  a^lute  ahukoU  baa  ■ 
peculiar  odour,  ovinv  probablj  to  the  presence  of  a  small  qoaolitjr 
of  volatile  oil,  formed  by  the  reaction  of  the  oxygen  of  the  air  4t' 
the  alcohol  in  the  presence  of  alkaline  sabstaDoes.  The  alcnbolil 
liquor  which  remains  in  the  dietilling  apparatus  it  eoloiirod  bro\rn  1 
a  small  (juatititj  of  rei^inons  matter,  also  prodooed  by  the  rcaclio 

§1327.  Absolute  Bicohol  is  a  colourless  liquid,  more  fluid  thjql 
vrater,  of  a  baruinf;  taste  and  agreeable  odour.     It  does  not  iwUdiff 
even  at  the  lowest  temperature  which  can  be  prodnced ;  and  it  bou 
at  the  temperature  of  173.1°  under  a  pressure  of  760  mlllimctTM^l 
or  2d.92  inchest.     The  density  of  its  vapour,  compared  with  air,  il 
l.d890 ;  and  its  specific  gravity  in  the  fluid  state  is, 


At  82" 0.8151 

41  0.8108 

50  0.8066 


AtSa** 0.8021 

68  0.7978 

77  0.7933 


Alcohol  u  composed  of 

4  eq.  of  earboD 24 52.65 

6  eq.  of  hydrogen 6 12.90 

2  eq.  of  oxygen 16  ......  84.45 

46        lOU.OO 
1  volume  of  vapour  of  alcohol  contuics 

1  vol.  of  TBpouT  of  carbon 0.8290 

1   "  *'         hydrogen 0.2074 

J  "  **         oxygen Q.o526 

1.6890 

Its  equivalent  CjIT^O,  is  therefore  represented  by  4  volumes 
vnpoiir,  (§1237.) 

A  wcaIc  nfilution  of  alcohol,  left  in  a  Mcidder  exposed  to  the  \ 
allows  more  water  tlia.u    alcohul    to  puHin,  and  in  time 
etvooger. 

Absolute  alcohol  attracts  the  moiatnre  of  the  aJr.  The  tcmj 
ftturo  risee  and  contraction  ensues  when  it  is  mixed  with  wat 
the  maximum  of  contraction  being  produced  by  mixing 

53.7  volnmca  of  alcohol, 

49.8  "  water, 

108.5 

which  are  reduced  to  100  volumes ;  wliich  proportions  correi 
to  1  equivalent  of  aJcotiol  and  6  equivalent!)  of  water.  Venr  cold 
absolute  alcohol,  mixed  with  snow,  lowers  the  temperature  to  »4.6°; 
all  nhich  fucts  ehuw  a  powerful  affinity  between  alcohol  and  water; 
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the  tvo  liquids,  hovcver,  djseolvc  ouch  otli«r,  ia  oil  proportions. 
Alcohol  burns  iu  th«  air  with  a  Teeblj  brilliant  Same,  aud  io  the 
opea  air  ita  coinbufition  is  perfect. 

Alcohol  id  frequently  used,  either  absolute,  or  mUeJ  willi  greater 
or  less  proportions  of  vater,  in  the  Inboraiorj  as  a  solrcDt. 
GemralljBpcekiug,  it  dissolves  gases  more  largely  tlian  wat«r;  and 
a  great  number  of  very  soluble  and  doliqiiesceat  compoonds  dissolve 
ia  erf  D  ab;^oIutc  alcohol,  as,  for  example,  cauatio  potossa  and  MtU, 
the  chlorides  of  calcium,  Mronttum,  nitrates  of  lime,  mi^eda^  eto. 
etc. ;  and  it  frequently  dissolves  certain  compounds  which  aro  EM 
very  soliihle  in  water  more  freely  than  the  Isittor  liquid,  as.  for 
exainpic,  corrosive  Hablimate,  and  tlie  corresponding  bromide  and 
iodide  of  merconr.  Lastly,  it  dissolves  a  large  Dumber  of  organic 
Bobstanoea  insoluble  in  water.  Alcohol  is  frequently  used  in  chi>> 
mical  anatyeea,  in  order  to  separate  substances  soluble  in  water  but 
very  unequally  soluble  in  alcohol ;  the  differeuces  of  HolubilJty  being 
sometimes  increaHe<l  by  adding  ether  to  tho  alcohol. 

Alcohul  also  combines  with  several  salts,  which  are  Holuble  in  it, 
playing  a  pa.rt  analo^^ous  to  that  of  water  of  crystallixation,  and 
forming  compounds,  called  aleoatra.  When  dry  chloride  of  calcium 
ia  brought  into  contact  with  alcohol,  tho  tempc<ratnro  rises  consider^ 
ably,  in  consequence  of  the  formation  of  an  alcoate. 

WhcQ  substances  aro  dis6otTod  in  alcohol,  their  reactions  are 
frequently  very  different  from  those  of  their  solutions  in  water.  It 
has  been  mentioned  {%  ST8)  that  acetic  aoid  will  readily  expel 
carbonic  acid  from  carbonate  of  potnssa  dissolved  tn  water ;  bat,  on 
the  other  hand,  carbonic  acid  will  displace  the  acetic  acid  of  acetate 
of  potasea  diaeolved  in  alcohol ;  the  insolubility  of  carbonate  of 
potaasain  alcohol  thus  bccomiugu  uvw  cuuditiun,  which  clmngeathe 
order  of  affinities. 

§  1328.  By  adding  larger  and  larger  proportions  of  water  to 
alcohol,  its  specific  gravity  increases  progrcs*iveIy ;  and  proetews 
for  iletemuuing  iho  richness  in  alcohol  of  these  mixtures  uxtve  been 
bftsed  on  the  variation  of  density.  An  areometer  was  formerly 
used,  called  Carti'er'g  hydrometer  for  apiritt,  which  marlced  0°  in 
pure  water  and  44*  in  absolute  alcohol,  the  space  between  these 
polnta  being  divided  into  44  equal  parts:  but  this  instrumouC  has 
been  superseded  by  Oai/  Luataet  aleohohmeter,  of  which  the  gra^ 
duatlou  marks  the  richiiees  imniedintely  in  huitdredths.  The  sero 
of  the  instrument  corresptinds  to  pure  water,  while  absolute  aloohol 
marks  100;  and  several  intermediat«  points  liavc  bc«n  fiz«d  by 
plunging  it  into  liquon  the  composition  of  which  was  known.  The 
cetttuimal  alcoholometer  only  gives  tho  exact  quantity  of  alcohol 
when  the  liquid  is  at  a  temperature  of  f^l)",  at  which  the  graduation 
was  made ;  and  aa  alcohol  expands  considerably  by  heat,  corrections 
must  be  made  for  all  other  tcmporatores ;  which  have  been  carefully 
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cit)culat«<l  and  set  down  in  Ublcs  for  a  certaio  extent  of  tlie  tber- 
mpmctric  acuJc. 

Tb«  alcoholometer  can  show  the  riclmeas  in  alcohol  only  of  ; 
liquidB  which  contain  m*Tely  w»ter  and  alcohol ;  for  if  theyj 
tamed  sagfir  or  nalinc  subaUincoe,  tho  resHlt  -would  be  inaooii 
b«caiiM  uew  mbitanees  vonld  increase  the  deniiity  of  the  liquor^ 
This  proc«SH,  therefore,  caoDOt  indicate  immediately  the  richnoas  of  j 
alcoholic  drinks,  which  alwavs  contain  sugar  ajid  saline  nbstaacea; 
and  for  ibis  purpoae  the  folloving  method  is  used: — After  intro* 
ducing  300  cub.  cent,  of  the  liquor  to  be  tested  into  a  small  alembio 
of  tinned  copper,  it  is  distilled  by  means  of  an  alcohol-lamp,  axiiS ' 
the  liquid  vhich  condenses  in  the  vrorm  in  collected  in  a  test-tube, 
graduated  te  cubic  centimetres.     The  dtstillation  is  arrci^teU  as  soon 
aa  100  cab.  cent,  hare  collected,  when  the  )ic|aor  ia  reduced  to  thoJ 
temperature  of  59°,  and  the  quantity  of  alcohol  it  contains  deter- j 
mined  by  the  alcoholometer ;  after  irhich  }  of  the  quantity  foonl  i 
represeulit  the  richueas  in  alcohol  of  the  liquor  Gubjccled  to  tho  test. 

If  the  liquorwcrcTcry  poor  in  alcohol,  only  60  cub.  cent,  would  he 
disullvd,  in  order  to  obtain  a  distilled  liquor  somewhat  rich  in  alco- 
hol, for  the  test  then  affords  n  greater  decree  of  accuracy,  and  th< , 
percentage  of  alcohol  in  tlic  liquor  tested  is>  in  this  case,  }  of  that  J 
obtained  on  the  product  distilled.  If,  on  the  contrary,  the  liqaori 
were  very  rich  in  alcohol,  it  would  be  proper  to  distil  only  )  ur  }| 
of  it,  luid  tnVo  tho  i  or  §  of  the  Btanilard  found. 

The  richness  of  an  alcoholic  liquor  may  also  be  determined  by  d»-  ' 
ccrtaining  the  temperature  marked  hy  a  thermometer,  the  bulb  of 
which  is  (hpped  into  the  liquor  at  the  moiaent  it  boils.     A  tabl^  '■ 
which  shows  the  tempenitnrc  of  ebullition  corresponding  to  l\i«' 
variaus  mixtures  of  alcohol  and  water,  must  then  be  made,  and  dif- 
dnced  from  direct  experiments  made  in  the  same  apparatns  and  aOj 
known  mixtures  of  alcohol  and  water.    This  process  shoire  tho  I 
richness  of  alcoholic  liquors  used  as  beverages  pretty  exactly,  be- 
cause the  quantities  of  supir  and  salt  they  contain  affect  their 
temperature  of  ehuUition  but  slightly. 

lietly,  the  calculation  may  be  biuted  on  the  great  differences  of 
expansibility  between  alcohol  and  water,  by  luing  a  kind  of  ther- 
mometer having  the  form  of  a  pipelte,  the  lower  tube  tenninatlng; 
the  bulb  of  which  \a  very  short,  and  its  orifice  may  bcclosctl  by  a 
stopper  fitting  exiictly  by  means  uf  a  spring.     The  liquor  to  bej 
tested  is  brought  exactly  to  the  temperature  of  11",  and  tho  ther-j 
momctric  apparatus,  having  the  lower  oriiicc  open,  is  plungoil  into] 
it.     Thu  fluid  iamacie  to  rise  bymcans  of  sucking  above  tho  «oro  la 
the  upper  graduated  stem  :  ana  it  is  then  allowed  to  recede  slowly  j 
until  it  e-Tactly  reaohefl  the  dimion  0.    Tho  stopper  being  then  fitter,  i 
«nd  the  apparatus  immediately  introduced  into  a  vessel  conuiiaing^ 
water  at  122*,  the  division  nt  which  the  level  of  the  liqntd  rei 
stativDury  indicates  the  richness  in  alcohol,  because  thu  iustru 
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hn  been  graxtntited  by  direct  esperimenu  made  od  mixttireB  of  at> 
oohol  HD(1  water,  the  compositinn  of  whicb  wm  cxnvtly  kuown. 
This  process  is  a[)pli(rable  to  alcoholic  liquors  voDliiiuiii^  sugiir  or' 
&alt9,  because  thcj  influence  but  sligLtly  tbe  cxpkBsibilit;  of  tbe 
liquid. 

CoDceotrated  alcohol  acts  as  a  poison  on  the  animal  ««oQom7,| 
»nd  will  pr(>duce  ileath  when  takeu  in  large  quantities;  but  when 
more  dilute,  its  ofTccts  arc  mprclv  intoxication.     Injofft«d  into  the 
veins,  it  produces  almost  sudden  (IcatJi,  by  ooagulftling  tbe  albti 
of  the  blood. 

PROPLXTS  OF  THE  ACTION  OF  SULPHURIC  ACID  ON  ALCOHOL. 

§  1829.  When  brought  into  contact  with  salphuric  acid  in  rarioua 
proportiona  and  at  difft-'Tciit  temperatures,  alcohol  yiclda  several 
very  importiuil  products,  wliicli  aro  now  to  be  doecribed. 

BULPHO^TSIC  ACID  C.H.O,2S0r|-HO. 

§  1330.  By  pouring  concentrated  sulphuric  acid  into  absolute" 
alcohol,  the  two  liquids  dissolve  with  an  elei'ation  of  temperature, 
white  a  pcctdinr  a.cid,  cnllcd  tttlphovinii:.  is  formed,  the  best  pro- 
portion for  prodneing  which  is  I  part  of  alcohol  to  2  parts  of  suUj 
pharic  acid.     A  considoraMfl  quantity  of  pnlphovinic  acid  is  «l»' 
formed  when  alcohol  of  85  per  cent,  is  substituted  for  absolute  al- 
cohol; but  if  the  alcohol  is  more  dilute,  the  proportion  of  siUpho- 
vinic  acid  is  very  small :  the  temporatiux  must  be  preveutcd,  during] 
the  reaction,  from  rising  above  158*.  for  which  reason  the  alcoh^J 
should  be  added  very  gradually.     The  liquid  is  thcu  diluted  withl 
valor  and  satiimtod  with  carbonate  of  bnryta,  with  which  the  excess 
of  t«ulphiiri«  uciii  forme  the  inBoluhtc  Ptdphate,  while  the  eulphovinlc 
acid  yields  a  soluble  salt.     Tbe  l!(|U!d  being  evaporated  al  a  gentle 
heat,  or  still  better,  in  vacuo,  a  salt  crystallized  in  beautiful  colour- 
less laminae  19  obtained.     The  formula  of  crystalliEcd  nulphorinate 
of  baryta  is 

BaO,(C.n.O,2SO^+2HO; 

but  it  readily  parts  with  thcae  two  equiralcnta  of  water,  in  a  dr)-  ra- 
caum,  at  a  temperature  between  104°  and  122°. 

Tlie  sulpliovioic  acid  may  b«  easily  extracted  from  sulpborinatc 
of  baryta,  by  pouring  sulphuric  acid,  drop  by  drop,  into  a  solution 
of  (he  salt,  until  n  ptccipitalc  is  no  longer  formed;  when  an  acid 
liquid  is  obtuiucd,  which,  liuing  evaporated  in  a  cool  place,  undeti 
the  receiver  of  an  air-pump,  finally  leaves  sulphoinnic  acid  in  its 
hidieeC  state  of  caaceiilnttiun,  as  a  nyrupy  liquid  of  the  formula 
H0,(C,H,O,2SOj).  It  decomposes  very  easily,  even  at  the  ordi- 
nary temperature,  the  decomposition  becoming  very  rapid  if  it  ts 
healed,  wheu  free  sulphuric  acid  is  found  in  tlie  liquid. 

Two  equivalents  of  anhydrous  sulphuric  acid  combine  in  lhi&  r»>j 
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action  with  1  equivalent  of  alcohol  C,H,0,  and  form  Mlphovinic  acid 
C,H„0,,2S0,;  but  the  formula  of  the  acid  noiist  be  wriucu 
liU,(C,n,0,2SO,),  as  the  equivalent  of  water  may  be  replaced  by 
1  equivalent  of  baAe.  Anhydrous  suliikoviuatos  luav  bu  rvgardc*! 
a^  double  sulpbsteB  of  the  base  and  tlio  subslance  C.HjO,  or  elJier, 
which  shall  soon  bn  treated  of,  or  uu  idomuric  of  this  liody. 

All  the  Bulphoi-inatea  bein^  solulle,  they  are  easily  made,  by 
doable  decomposition,  by  pouring  iuto  a  solution  of  autpbovinatc  of 
baryta  a  solable  sulphate  of  the  ba^ie,  until  a  precipitate  ceases  to 
form.     Generally  Bpeaking,  ttcy  cryfttalliKo  readily. 

Cryatallizod  sulphovinates  of  potassa  and  ammotiia  are  anhydrous, 
and  their  formultc  are 

KO,(C.H,0,2SOO,      (NH,HO),(C,H,0,2SO^; 

that  of  crTStallized  sulphovinatc  of  Hine  is  C&0,(C^H,0,2SO,) 
+  H0;  and  it  loises  ita  water  in  vacuo.  CrTstalliied  aulpbovinaie 
of  copper  is  represented  by  CttO,(0. 11,0,250^+4130,  and  that  of 
Biker  by  AgO,(C,U,0,2SO,)+2HO. 

Solutions  of  the  ^ulpho^nnaies  arc  easily  decomposed  by  boiling; 
and  Uie  dry  salts  of  the  acid  yields,  when  heated,  an  oleaginovs 
product,  which  will  subsequently  be  met  with  under  the  name  of 
heavff  cil  cf  teiiu. 

BTIIEB  C.n.O. 

§1881.  By  heating  to  IS.'i*  a  mixture  of  2  parts  of  alcohol  and 
8  parte  of  concentrated  sulphuric  acid,  a  very  volatile  liquid,  called 
etier,  of  which  the  formula  itt  C^If^O,  is  formed.  Tlio  formula  of 
alcohol  being  C^llgU^  we  are  naturally  led  to  admit  that  the  alco- 
hol parts  with  1  equivalent  of  water  to  the  eulpliiiric  acid,  and  is 
converted  into  ether  C.IIjO ;  but  on  examimng  the  reaction  more 
closely,  it  will  not  Ic  found  quite  so  simple.  In  fact,  the  ether  doea 
not  pasa  over  alono  m  distillation,  bb  water  distils  at  the  same 
time,  and  in  such  quantity  that  it  would  exactly  reproduce  alcohol 
with  other  fonuod ;  for  wliich  reason  il  cannot  be  adniittpd  that  al- 
cohol is  traiisfunncd  into  other  by  the  allinity  of  euIpKunc  acid  for 
water. 

In  order  to  aiicilyzc  all  the  clrcumEtances  of  the  production  of 
ether,  the  operation  must  be  arranged  as  follows  : — Place  in  a  flask 
A  (fig.  675)  lOO  parts  of  conccntrntcd  sulphoi-ic  acid,  containing 
conBcquently  18.5  of  water,  and  add  20  part*  of  water  and  50  of 
ftbsDlutc  alcohol ;  then  close  the  mouth  of  tho  flask  with  a  cork 
pierced  with  three  holea,  through  one  of  which  passea  a  thermome- 
tor  t,  the  bulb  of  which  enters  the  fluid  mixture,  while  the  second 
is  traversed  by  a  tube  ab  dc«.'ending  to  the  bottom  of  the  lla«t[)uid 
terminating  in  a  funnel  a  ;  and  Lastly,  through  tbe  third  hole  pasMts 
a  curved  tube  cde,  the  end  c  of  which  is  drawn  out  so  that  the  liquid 
drops  which  condenao  in  it  may  fall  more  easily  into  the  balloon. 
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The  t«l«  cde  «  fitted  to  an  ordinary  cooling  appuratas  TIC, 

bling  chat  used  in  diBtilUn^,  the  end  fg  ot  tbo  cooted  tnbc  being'' 

beot  in  order  that  it  may  descend  to  the  bottom  of  the  bottle  D. 


The  flaHk  is  hcaliHl  with  itn  a1cohol-Ump  until  the  thermometer 
mark?  2^4",  while  a  Hmnll  circuUr  piece  of  paper  puited  on  the 
balloon  indicated  the  ori){inal  level  of  the  liquid.  Aftor  carefatlf. 
opening  the  stopcock  r,  in  order  to  allow  the  flow  of  a  conlinaoia 
ctnrent  of  ahsolute  ulcohol  contained  in  the  botllp  E.  thH  furrent  11 
eo  r«galatcd  that  the  thormometer  t  shall  alwayii  murk  '2iii°  ;  and 
if  the  temperature  should  rise  aliovc  this  point,  more  ulcohol  is 
poared  in;  Trhilo  if,  on  the  contrary,  the  tcmperataro  falU,  the 
stream  of  alcohut  is  dEininishcd. 

A  mixture  of  ether  aud  water  whii-h  coUeetji  in  the  bottle  "D  thos 
ilistita  ctitistiiTitlv,  and  care  must  be  tuken  to  keep  very  cold  watef'' 
in  the  rtfriyerator  BC.     For  greater  cortainty.  the  tnbe  fg  u 
«]i<;htly  ihppixl  into  the  bottle  D,  when  a  struttuu  of  liquid  has  ool* 
Iceted  there ;  (uid  as  the  lorel  of  the  latter  rites,  the  bottle  b  gra- 
dualljr  lowered.  By  operatiup  in  tliia  manner,  ether  may  bo  formed, 
with  the  game  cmantity  of  sulphnric  acid,  from  an  almost  indefinite 
qtiantity  of  aloohoh     The  bottle  D  receives  a  mixture  of  vrntor  an^ 
ether,  the  weight  of  which  is  exaclly  et^iial  In  thai  of  the  nlcohol] 
n-wd.  if  the  flank  has  been  carefully  maintained  at  the  tempi>ratnr»| 
of  284°,  and  the  ether  and  water  exist  in  ihis  mixture  prcciwiy  in  ' 
the  proportionA  constituting  aleohol. 

The  snlphnric  acid,  under  the  circamstanccs  in  which  the  opor»'' 
Vol.  It.— 2T 
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tion  hoA  hbeo  pcrforme<l,  boH  merely  effected  the  separadon  of  the 
•Icohol  into  etncr  niid  water,  without  attarking  either  of  theee  pro- 
ducts; and  the  affinity  of  tulpburic  avid  for  nnter  did  not  tbereforo 
camto  the  reaction.  Alcohol  may  morcoTcr  he  dietilled  wi(h  a  Isrjie 
excess  of  caustic  potaiuta,  or  its  vapours  be  passed  over  petaiwa  heated 
to  any  temperature,  without  ether  being  formed,  and  yet  pctassa 
hnfl  a  greater  affinity  fer  wuter  than  Kulpliurie  arid. 

As  by  the  direct  mixture  of  alcohol  with  sulphuric  iicid  salpbo- 
vinic  acid  \s  formud,  it  might  he  supposed  that  this  acid  pla^-a  n 
part  in  the  phononittnon;  it  might,  for  i'xamplo,  bo  as^nmcd  that 
vhva  the  alcohol  oomca  into  contact  witli  the  etulphuric  acid,  the 
temperatnre  is  depressed  by  the  arrival  of  cold  alcohol  sufficiently 
to  allow  sulphonnic  acid  to  form,  and  that  this  acid,  ex|>&udiog 
afterward  in  the  heated  mixture,  is  decomposed  into  ether  and  bbU 
pharic  acid.  But  it  muat  he  remembered  that,  by  placing  in  the 
fla«k  A  (fig.  GT5)  sulphuric  acid  diluted  with  wat«r  sufficient  to  make 
it  boil  naturally  at  233"  under  the  ortUnary  pressure  of  the  atmo- 
sphere, and  hy  passing  into  the  acid  vapours  of  .ilcohol  heated  lo 
212'  or  ov('r,  there  distils  coiiBtiLiitly  a  mixture  of  ether  and  water, 
with  a  small  epmntity  of  al<;ohol ;  which  arises  from  the  circiimiitance 
that  a  portiou  of  the  ulcohuliu  \'apourfi  eseiipi.'  the  action  of  the  sul- 
phuric acid.  It  ii  diOicult  to  admit  that  nulphovinic  acid  is  fanned 
m  this  case,  for  it  wotdd  be  necet^iiry  to  grutit  that  the  acid  was 
formed  and  decomposed  under  the  same  circumatanccs. 

The  traiiftforniiiltOD  of  alcohol  into  etiier  by  sulphuric  acid  is 
tbcroforo  aa  rat  un  UDOXplaiued  phcnomonon,  udIcm  wc  admit  that 
sulphuric  Hcid  here  exerts  an  action  of  presence,  or  catalytic  ao> 
tion ;  which  is  putting  a  word  in  the  place  of  a  fact.    . 

A  higlily  concentrated  solution  of  phosphoric  acid  also  oonrerta 
nieohol  when  hot  into  ether  and  water,  but  the  water  in  i-etainod  by 
the  pfaoaphoric  acid;  and  when  it  is  sudiciently  bydrateil,  it  no 
longer  acti  on  the  alcohol.     Several  chloridcH  and  finoridett.  for  ex- 
ample the  chloride  of  boron,  effect  the  same  tranArorniatiun,  a»  well 
as  several  metallic  chlorides.     The  anhydrous  chloride  of  itinc  dis-  -] 
soLres  largely  in  alcohol ;  and  if  the  Lic|Uor  be  distilled,  alcohol  iirst 
pasAes  over;  but  the  tt^uiperature  now  risine  above  892",  a  large 
quantity  of  ether,  which  distils  overwith  the  alcohol,  is  formed ;  and 
if  the  heat  hv  continued,  two  carljurrttrd  hydrogens  paw  over  wiih 
the  ether;  the  formula  of  one,  wbich  boils  below  212*,l>eing  C,Hp,  | 
tind  the  deuaity  uf  its  vupour  3.9G,  while  the  formula  of  the  wcono, 
which  boils  at  about  SIW,  and  is  of  a  syrupy  couaistcnee,  ia  C  H^ ! 
It  should  he  remarked  that  C.H,+C.H,=4C,H/),-S]K);  tbuA.  4\ 
equiv.  of  alcohol  would  yield  1  oquiv.  of  each  of  these  Bubstanoe*, , 
by  losing  8  cquiv.  of  water. 

Rther  is  manufactured  on  a  large  scale  by  a  centinuous  prooesvJ 
analogous  to  that  jusl  describi-d;  the  dieulhition  being  arreeted 
when  tlie  sulphuric  acJd  has  trundfonned  iuto  ether  u  weight  of 
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alcohol  SO  or  40  times  greater  than  its  ovtd  ;  for  if  it  were  coii- 
tiuuo'l  for  ft  longer  time,  the  ether  wouM  be  impure  ftud  contain  a 
eouaidurablo  quantity  of  oil  of  wine.  The  ether  collcctud  in  the 
receivQr  is  sk&keu  with  a  smiiU  quautity  of  Kater,  which  dissolves 
the  crcntcr  purlioii  uf  the  ulcohol  it  contains,  after  which  it  it 
mixtnl  ifilh  milk  of  limo,  aii<)  distilled  &fter  hoiuo  tini«  in  a  water* 
bath.  The  lime  rcUiimt  the  acid  productjt  which  tho  ether  may 
contain,  while  the  ether  (lialill«d  still  retains  water  auil  alcohol ;  to 
free  it  entirely  from  which  it  must  ho  digcMcfl  with  a  large  quan- 
tity of  powdered  chloride  of  calcium  aud  dialJllcd  by  means  of  a 
water-bath. 

When  the  alcohol  which  is  to  be  converted  into  ether  contains  a 
large  proportion  of  water,  or  when  the  siilnhiiric  acid  is  very  aquo- 
oup.  ether  is  not  generated,  but  water  and  alcoliol  pass  over.  If 
the  alcohul  ie  in  excess,  it  passes  over  isolated  until  the  residue 
OODtains  alcoiiol  and  sulphuric  acid  in  the  proportions  wluch  form 
eiber,  and  then  the  ordinary  transformatinn  into  ether  and  water 
cotnmcncej. 

By  rectifying  considerable  quantities  of  crado  ether  over  liiac,  a 
Tellow  oleaciiious  liquid  remains  in  the  distilling  r«#«cl,  wluch. 
Doing  distilled  several  times  over  lime  and  then  uvcr  potiusium, 
fluid  and  completely  colourleBS.     Ite  deueity  is  O.SHT,  and 

boUa  at  545°.  This  enrharctted  hydrogen  is  probably  furuished 
r'hy  the  impuro  alcuhui  used  in  the  preparation  of  ether. 

§  l^l!2.  Ether  ia  a  colourlcsR,  very  fluid  liquid,  of  an  agreeable 
and  puugotit  odour,  and  an  acid  and  bumin;;  taste.  Its  denuiy  at 
82°  ia  0.7S0,  and  it  boils  at  95.9°  under  tlnj  prcssoro  of  20.92 
iches,  the  density  of  its  vapour  bebg  2.580.  Its  composition  is 
■by 

4  eq- of  cnrbon 24  65.81 

5  "     hydrogea 5  13.88 

1  '*      oxygen S  S1.86 

37  100,00 

One  Tol.  of  ^'apour  of  ether  contains 

2  vol.  of  vapour  of  carbon. 1.6876 

6  "      hydrogen 0.ft466 

}      "     oxygen. ^... 0.&528 

•  2.6869 

and  its  equivalent  C,H,0  is  therefore  repreaented  by  2  volumes 
of  rapour. 

Ether  is  very  inflajumable,  auil  bums  with  a  flame  possessing  a 
certain  degree  of  brilliancy,  and  depositing  lamp-black  on  cold 
sabtataucee  iatrwluced  into  it.  Being  extremely  volatile,  it  evapo- 
ratea  rapidly  in  the  nir,  producing  detonating  mixtures  which  have 
occanoDcd  serious  accidents. 
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EtW  is  tooQ  changed  by  the  oxygen  of  the  air,  which  converu 
it  into  Mctic  acid ;  and  in  order  to  preserve  it  in  r  state  of  pimty, 
it  should  be  kept  in  vvtll-Birjp|)cri!a  bottles,  completely  filled,  or 
better  still,  in  tubos  hormeticmlly  dosed.  The  Altoration  i»  more 
rapid  under  tlio  influence  of  alkaline  bases.  Etlier  diasolvfti  in  0 
ports  of  wnicr ;  and  if  n  Ini^or  qniiniity  of  cth«r  he  aildud,  tb«  por- 
tion vrliich  dues  not  dissolve  DoaLs  on  the  water.  Ether  ul.to  dt»- 
solves  a  small  nuantity  of  wat^r,  vhile  alcohol  and  ether  dissolve 
each  other  iti  ull  proportious. 

Ether  diesolres  about  ^  of  Bulphur  and  ^  of  phDsphonis,  vhidi 
substances  separate  in  the  form  of  crystals  after  evaporation.  Chlo- 
rine and  bromine  act  powerfully  on  ether,  and  yield  peculiar  pro- 
ducts, which  nhall  soon  be  dfJBcribeJ ;  while  iodine  at  first  aimplj 
diasolves  in  it,  but  a  chnngeil  in  a  short  time. 

Ether  exerta  an  energetic  action  on  tlie  animal  economr:  tia 
vapour  boing  rapidly  absorbed  by  the  rc!<piratury  organs,  oooo 
cauaes  a  kind  of  intoxication,  accumpaiued  by  iusen^biiity,  whiih 
cnrioufl  cfTcot  has  been  latterly  applied  aa  an  aoawtbctic  agent  ia 
HiTgical  operutiouM. 

BICARBPttBTTED  HVDItOGEN,  OB  OLEPIANT  QA8,  C.H.. 

§18S3.  When  an  excess  of  concentrated  sulphuric  wad  lurtsupon 
alcohol  at  a  temperature  of  820°  or  over,  only  a  small  anantity  of 
ether  results,  wlule  a  gaseous  carburelted  hydrogen  yf  tlie  formula 
C,H,  19  formed.  On  comparing  the  formula  of  this  body  with  that 
of  alcohni,  it  wonSd  be  natural  to  explain  the  decomposition  by  as> 
Buming  that  atilpburic  acid  determines  the  formation  of  2  eijtttr,  of  ] 
■water,  frhich  combine  with  it,  and  that  it  sets  free  bicarburetttd ' 
hydrogen  C^H^. 

But  the  following  experiment  seems  to  contradict  this  exjdanation, 
Having  placed  in  the  flask  A  (fig.  676)  concentraled  sulphuric  acid, 

to  which  a 
quantity  of 
water  haa 
been  added, 
sud]  that 
tbo  mixturo^ 
e>bnll  but]  at^l 
about  320", 
(fur  wliioh 
purpose  100 
parts  of 
m  o  n  o  li  ^- 
tlratcd  Mil- 
Rg.  67S.  jihuric  mad 
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r  water  ranst  be  mcdj  the  acid  in  boated  to  l)oi1inff.  The 
flask  B  contiiina  uUoluUt  filooliol,  which  ia  heated  ta  ebullition,  and 
the  Tapoura  of  alcohol  iravcrac  tho  fisEk  A,  tlie  temperatare  of 
which  tg  k«pt  eouatantly  at  about  529",  by  allowing  more  or  less 
alcohol  to  enter,  und  hy  tncroiiaiug  or  ttiminishing  the  Hamo  of  the 
lamp  wliii^h  beats  tlio  flask.  Olcfia.iit  g-iJi  i«  diseiiRajicd  in  the  form 
of  unalL  bubbles  from  the  acid  mixture,  and  carries  ororvapoura  of 
water  and  ulcuho),  whicli  cotiderisu  in  the  buttle-  C,  nhiV  the  pas 
may  be  e^llectcd  in  a  ga»om«tcf,  or  in  bottle  D  over  a  pneumatic 
trougii.  Tilt  alcohol  carried  over  is  that  which  baa  escaped  the 
action  of  the  gnlphurio  acid,  and  the  water  which  distils  is  oxaotlj 
equal  to  that  which  would  funii  ulcuhul  with  the  hlcurburctted  hy> 
drogen;  while  tUo  acid  liqiinr  in  the  fla^ik  A  retains  tht>  sanio  com- 
position, and  can  ooiivt-ri  an  iitmi>9t  indcflmto  ([Uimtity  of  alcohol 
into  bicarburetted  hydropen  and  walor;  very  little  ether  b<>ine 
formed.  Tlie  expcriiuviit  ahows  that  the  decomposition  of  alcohol 
into  bicarburetted  hydrogen  and  water,  by  contact  with  sulphuric 
acid,  is  not  owing  to  the  affinity  of  the  acid  for  water,  since  vmer 
and  oleliant  gas  are  both  diftengaged  at  the  name  time. 

Bicarburetted  bydroKen  i»  generally  prepared  in  the  laboratory 
oy  heating  a  mixttire  of  1  part  of  nlcoliol  at  O.So  and  (!  parts  of 
concentrated  sulphuric  acid  in  a  retort,  (fig,  2J*.'j,)  wliiph  shciuld  be 
only  be  J  filled;  the  gas  evolved  being  rniide  to  pa-w  Unit  through 
a  bottle  containing  concentrated  sulphuric  acid,  which  retains  the 
vapours  of  alcohol  and  ether,  and  then  through  u  second  bottle  eoo* 
taining  a  aolmion  of  can^ic  potassa,  tn  absorb  the  sniphnrons  acid 
and  carbonic  acid  which  are  copiously  evolved  toward  the  clow  of 
the  operation ;  the  cause  of  which  evolution  in  tho  reaction  which 
ensnee  between  the  concentrated  sulphuric  acid  and  the  carbona- 
ceouA  substances  remaining  in  the  retort.  The  disengagement  of 
gaff,  which  is  pretty  regular  at  the  commencement  of  the  operation, 
soon  becomes  tiimultuous  and  riolcnt,  when  the  acid  mi:i;lurc  turns 
black,  becomes  viscous,  and  swells  to  ench  a  degree  that  if  the  re- 
tort be  not  very  large  it  will  fill  the  neck.  At  the  end  of  the  ex- 
periment there  remains  in  the  retort  a  Holid  tlack  substance,  which 
gives  off  lo  water  sulphuric  acid,  and  aulphovinic  acid,  or  an  iso- 
meric of  it;  while  tbL>  compcaitiou  of  the  blai-k  insoluble  rcfiidue  ia 
very  complex,  and  orrcsponthi  tn  the  formula  C^IIj^Oj^S  . 

§  13S4.  Bicarburetted  hydrogen  is  a  colourless  gas  which  does  not 
liquefy  at  the  lowest  temperatures :  its  density  U)  U.U78,  and  it  burns 
with  a  very  brilliant  flame,  which  deposits  a  largo  quantity  of  lamp- 
black on  cold  substances  immersed  tn  it.  When  parsed  throagh  a 
prooelain  tube  heated  to  redness,  charcoal  ia  deposited  on  the  aides 
of  the  tube,  und  it  is  transformed  into  protocarburetted  hrdrogen; 
bnt  if  the  temper-itnre  is  more  elcvatoii,  all  the  carbon  is  deposited, 
ood  bvdrogcu  only  disengased.  The  fonnnla  of  bicarbnrotted  hj- 
2f2 
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droget)  is  C^H,,  (266,)  and  its  equivalent  is  r^reeented  by  4 
Itunes  of  gas. 

g  13S5.  Bicarbnrctted  hydrogen  combineH  irith  anliydmits  saU  ] 
ptitiric  aciJt  forming  a  white  componml,  fiuiihle  at  about  17t>°,  and! 
of  iJio  formiiln  C^n^,4S0j,  whicli  has  been  improperly  called  luU] 
phate  oi  carhyle.     In  order  to  prepare  it,  ole&ant  gas.  totallj  fr«« 
Ttaxa  ether,  and  TiipourH  of  anhydrons  Hulphuric  acid,  are  pasaed 
simultaticoufily  into  a  D-tnbc,  irhen  the  conibioation  takes  |)lac«  with 
great  elevation  of  tomperattire,  while  the  tmbstuicc,  which 
first  liquid,  eolidifios  into  a  radiated  cryataJltne  mass  oa  tho  m 
the  tube.     In  f)rilcr  tcj  purify  it,  it  in  lefl  for  several  days  in  tbc 
over  a  cup  cuntaiiuDg  eiiustic  potu&sa,  which  absorbs  lh»  Tapotita  ot  | 
tho  anhydrouii  sulphuric  acid. 

Tho  same  product  is  funned  by  placing  iin  open  tube  eontainintJ 
abaolutc  alcohol  in  u  bottle  containing  anliydrous  Hutphnric  ui£] 
and  allowing  the  bottle,  after  being  Wfll  eorkod.  to  rest  fur  seversl  I 
days.  Tho  %'apours  of  alcohol  and  HulpKuric  acid  combine  and  sal-' 
phate  of  carbyl«  ia  formed,  but  the  laitfr  is  iuiured  by  hydraled ' 
sulphuric  acid*,  from  which  it  is  freed  with  difficulty.  The  rcactioa ' 
in  thia  case  is  expresseJ  by  tho  following  equation: 

C,FI,0,+tiSO.=C.n„4SO.+2(SO.,HO). 

Sulphate  of  carhylfi  ahttorbs  mointurc  from  the  air;  and  if 
absorption  take  place  slonly,  and  without  any  elevation  of  t«D3}>eri 
ture,  a  pocwiiar  acid,  called  ethionic,  h  obtamcd,  of  which  the  for 
muU  is  CfH,0,4S0j.     Thi»  ncid  forms,  with  baryta,  a  salt  HolublsJ 
in  water  but  insoluble  In  alcohol;  and  it  yields  cryslallizable  Baiw\ 
wiUi  the  majority  of  bases. 

By  boiling  tho  solution  of  ethioaio  ncid  for  a  few  moments,  or 
dissolving  tho  sulphate  of  carbylc  in  hot  water,  a  ucw  acid,  caJle 
ufiJiioniCf  w  obtained,  prefiendng  the  same  composition  C,U,0,2S( 
as  snlphovinic  actJ,  while  the  liquid  contains  free  sulphuric  acid.  la 
ethionio  acid  differe  from  Kulphovinio  acid  by  being  much  mure  fiseil 
as  its  solulion  may  Ijc  boiled  indefinitely  without  undergoing 
change.  If^clhiniiate^  are  also  much  more  stable  than  »>ulphuvitu 
for  they  bear  without  decomposition  temperaturca  of  400"  or  5S( 

Action  of  Chlorine,  Bromine^  and  Iodine  on  Bicarhurttted 
Hydrogen. 

%  1338.  By  cau^ng  chlorine  in  greater  or  less  qnanttcy  lo 
upon  bicarburettcd  hrdrogon,  and  tmdcr  the  influence  of  a  more  ■ 
less  intense  degree  of  light,  vurioua  pixiduct^  remit,  whicli  shatl 
mentioned:  if  t)oth  gases,  moist,  and  in  ncarlv  equal  toIujuos,  _ 
introduced  into  a  large  Haak  espaicd  to  the  (fifliLse  light  of  d»j 
they  combine  with  evtdution  of  heat,  and  an  oloaginou^)  liquid  Iricli 
down  the  silica  of  the  Ha?k.     If  the  gases  were  dry,  reaction  vonJd 
enaue  under  tho  iuilueiict}  of  dirvcl  solar  light. 
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Wlien  my  considcrnble  quaatitj  of  tliis  product  is  to  he  prepared, 
the  apparilus  must  bo  arranged  u  reprP8«ntcd  in  fig.  677.  A  ia  a 
large  retort,  in  vlitch  ia  prepared  tlie  olcfmnt  gM  wbtob  traTcroes 
tlie  voAhing  bottle  li  containing  ooncenlraKMl  sulpburic  acid,  which 
retama  the  vapoura  of  alcohol  and  tfllior,  and  then  th«  bottle  C  con- 


Pig.  677. 

lotion  of  potassa  to  absorb  the  sulpharoun  and  carbonic 

lee  it  passes  into  a  flaak  1>  havinj;  3  tubulurvs,  which 

also  receives  the  chloriiif  disengaged  fi-ooi  the  fla-^k  O,  hninng 
been  made  to  traverse  the  water  in  the  bottle  F.  The  cuds  of  tho 
tubed  ithich  convoy  the  two  gase^  into  tlic  fla^lc  I)  are  p1ac«4  op- 
posite to  each  other,  so  that  the  gaaea  may  mix  immediately ;  while 
the  liquid  formed  falU  through  the  Invrer  p^rt  of  the  flask  into  a 
well-cooled  bottle  E;  the  ox<;L<e8  of  gus  c&cuping  l>y  the  aani« 
tubalnrc.  The  liquid  obtained  ia  Hhakcii  sovt-rai  times  with  water, 
and  thcu  di^itilled  u^iiln  mid  n{;iiin.  nltcri)nlely  with  sulphuric  acid 
and  potaffito,  vrliich  destroy  a  small  quantity  of  the  foreign  »ub- 
stancea  produced  by  the  reaction  of  chlorine  on  the  va]>our  of  «tlier 
which  accompanies  olefiunt  gas  when  the  evolution  of  the  gas  is  too 
rapid.  If  the  operation  be  continued  for  a  long  time,  by  exliausling 
the  action  of  the  sulphuric  acid  on  the  alcohol,  it  frc4]uently  hap- 
pens toward  the  close  that  the  potassa  of  the  bottle  C  passes  into 
the  state  of  biiiulphite  of  potnssa,  and  the  sulphurous  acid  is  no 
longer  absorbed;  in  which  caso  a  certain  quantilr  of  chloromd- 
pburic  acid  (§  132)  i»  obtained  intimately  mixed  with  the  principal 
product.  The  liquid  cond<.'nBci  in  thu  bottle  £,  which  then  pos- 
MSSes  a  sulpburuuM,  acid,  and  extremcdy  penctratiiig  odour,  beoomes 
heated  when  it  i.s  shaken  with  water,  and  yields  ala^  quantity  of  sul- 
phuric uiiJ  chlorohydric  acids,  arising  from  llie  decomposition  of  the 
chloTosalphm-ie  acid.  It  is  important  to  remark  that  chlorine  and 
sulphurous  ucid,  alunc,  do  not  combine  in  the  presence  of  the  most 
intense  solar  rays,  whilo  in  tho  presence  of  bicarburetted  hydrogen 
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tli6  oomlnDation  takes  place  in  diffoM  ligfat,     Tbe  chloriDe 
bicarbnrett«d  hydrogen,  which,  when  ib-y,  exert  no  action  no  ctt 
other  ia  dlffuM  light,  combine,  oa  tho  contrAry,  Tcry  readily,  wb< 
sulphorcnu  acid  exmn  in  tbe  mixture ;  the  lalt«r  then  formii 
cUoroeuIplittric  sod  with  n  portion  of  th«  chlorioc.    The  fomutt 
of  one  of  these  compoiuids  assists,  therefore,  the  productioa  of  i 
other. 

The  prodoct  rcoolting  rrom  the  comhination  of  1  vol.  of  chlor 
with  1  Tol.  of  olefisnt  gas,  which  hu  long  been  known  ander 
n&ine  of  Di^eh  liquid^  becaue  it  was  diacorered  by  an  assoctatic 
of  chemiHis  in  TlfilUntl.  ia  a  colonrlesii  liquid,  of  an  agreeable  odoorJ 
Its  denaity  ia  1.280  at  32",  and  it  boiU  at  1&4.1°.     Tbe  donBit_ 
of  ila  vapour  being  3.4S,  its  composition  a  roprcM-nted  by  the  foi^] 
mula  C^II.CI^  nhich  corresponds  to  four  volumes  of  rapour,  but  tl 
is  generally  written  C,1I,C1,IICI,  from  the  manner  in  which  tl 
tobetance  behaves  with  an  alcoholic  i^olutiun  of  potassa. 

§  1387.  Dutch  liquid  vs  not  decomposed  by  an  aqneooa  solatid 
of  potas»a,  and   may  bo  disLilled  with   it  without   any  apparei 
cbttiice  i  while  if  it  bo  (ItKsolvcd  in  an  alculioliu  solution  of  pot 
it  is  unmi.'iliulcly  decumpoeed,  and  u  large  ijuantity  of  chlnrido 
potassium  \i  deposited,  while  the  alci>hul  contains  in  solution  a  nci 
and  Tory  volatile  Bwhstatico.     In  order  to  soporalv  il,  the  li<(uid  mo. 
be  difltilled  in  a  wotcr-bath  8lij;htly  boated,  and  th*  gas  discnpa^ 
muBt  be  pasged  first  tlirougli  uti  appiiratiis  crmtsimng  concentia!* 
Rulphiiric  noid,  which  retains  the  vspourD  of  tlie  alcohol,  and  the 
into  a  receiver  reduced  to  a  low  temperature  by  a  mixture  of  ice  nn^ 
chloride  of  calcium.     A  very  volatile  liqmd  condenses  in  th* 
oeivcr^  boiling  below  32°,  having  a  sharp  and  slightly  alliace 
nnell,  and  of  which  the  composition  corroBpontU  to  ihc  formul 
C.HjCl.  represented  by  4  vol.  of  vapour.     The  composition  of  thii 
nubxinnce  is  exactly  the  g(tmo  aa  that  of  hiearburottea  hylrogen.  c: 
cept  that  1  eifuiv.  of  hydrogen  \i  replaced  br  1  Cfjuiv.  of  chlorine 
Dutch  liquid  may  itself  be  considered  us  a  eoiubtnationof  the  substanc 
C^IIgCI  and  chlorohyclric  acid.  When  the  chlorine  reaot«  on  the  bit 
burctted  hydrogen,  1  equivalent  of  chlorine  nb^iracts  1  eiquivalent  i 
hydrogen  to  form  1  equivalent  of  cblorohydric  acid,  while  the  pli 
tlimt  made  empty  in  the  molecule  of  oleflant  gns  is  immediately  filU 
by  1  e[[uivalent  of  chlorine,  forming  1  equivalent  of  m&nochh 
noted  bicitrhurrtffd  hydrogen^  wliicb   remains  in  cooihinatioo  wit 
the  ef^uivnlerit  ut'  chlorohydric  acid  formed. 

§  1S3H.  Tho  action  of  chlorine  on  bicarhuretted  hydrogen  is  nt 
confined  to  the  abstraction  of  hut  one  etjuivalent  of  hydrogen 
its  ropUcemciit  by  1  equiv.  of  chlorine  ;  nnd  the  other  three  equii 
lenla  of  hydrogen  may  <suc>i?e5sivcly  be  replaced  by  a  corrcspoc 
DBmbcr  of  equivalents  of  cUoriDe,'thufl  furnisbing  tbe  series  of  j 
ducts: 
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C^H^      and  their  compoimdA  witli  chlorolijrdrio  acid. 

C,H,CI  "  «  CJI.CI.HCI. 

C\H,OI,  «  «  C.U,C'!„UCL 

C.IICl,  «  «  C.HC1,.HC1. 

C,CI.  «  '*  C.CI^HCI. 

On  pasang  dry  chlorine  throogh  I>utcli  liquid,  tbo  Iiitter  will  be 
fouod  to  di»Kolvo  it  largely,  and  if  the  botllo  bo  tlivii  plaoed  i»  tlie 
suu,  u  tiowcrful  rcuctiua  vhsul-s.  a  Urge  quantity  of  cblorohydric:  acid 
beiug  oiscngaged,  while  the  liijuid  is  camplL-it-ly  diaculourcd;  and  by 
repeatedly  satarating  it  with  cbli^riuv,  uud  exposing  it  to  tho  nuya  of 
the  mn,  at  properly  regulatoJ  intervals,  Dutuh  liquid  inuy  bo  con- 
vcrt<>d  into  a  less  volatile  product,  which  boils  at  23!.'°,  and  of  wbi<:li, 
the  density  in  the  liquid  state  is  1.42:2,  while  that  of  Ua  Tupuur  is 
4.60.  Tlie  formula  of  tbi$  substanoo  being  C,H,CI„  it  will  be  re- 
cognised as  Dutch  liquid,  in  which  1  equir.  of  hydrogen  is  rvphicvd 
by  1  cqaiv.  of  chlorino.  The  name  product  is  formed  when  chlorine  is 
caused  carefully  to  act  upon  monocLtorinated  bicarbu retted  hydro- 
gen C,If,GI,  but  it  in  more  easily  obtained  by  passing  the  fatter 
substance  in  the  state  of  ga«  through  tho  perchloride  of.antimony 
Bb,0„  which  diasohes  it  freely.  Vi hen  the perchloride of  antiroonv 
is  saturated,  it  ia  dtatilled,  and  a  colourless  liquid,  oonaifiting  oi 
C,II,Cl,,  or  monochlorurettrd  Dutch  liquid,  is  collected.  The  for- 
mula of  this  substance  may  be  written  0,1J,C1b,11CI  for  the  awae 
reasons  which  have  been  stated  for  Dutch  liquid.  In  fact,  on  dia- 
solving  monochlorLn.ited  Dutch  liquid  in  an  alcoholic  sulution  of 
poCa.M3,  a  precipitate  of  chloride  of  potawom  is  formed,  and  a  li^nd 
of  which  tbo  fomtubk  is  C|H,C1,  separates  by  dintillation.  The 
density  of  t^i«  liquid,  which  may  he  connidercd  aa  bicMorinated  hi- 
earburetttd  hydrogen,  in  1.2i>0,  mid  il  boila  boiween  95"  and  104*. 
The  don»ity  of  ita  rapoor  ^.3t'i,  and  the  equivalent  U,ilaCl|  there- 
fore correBpwud  to  4  vol.  of  vapour  like  that  of  tih-fiant  gas. 

My  operating  on  monochlorinatcd  Dutch  liquid  0.11,01^1101,  in 
the  i«uie  manner  ua  has  been  explained  fur  the  original  liquid 
0.11,01,1101,  the  chlorine  again  abstracts  hydio^on  in  tho  etatc  of 
chlorobydric  aeid,  while  a  substance  reaulw  which  may  bo  coa- 
eidcfcd  a*  hichhrinated  Dutch  liouid,  and  of  which  the  formula  is 
C.IJ,C1,.  The  denisity  of  this  nibstuncc  is  l.STtl:  it  boils  at  275*, 
the  density  of  it*  vapour  being  5.79,  so  that  the  equivalent  C.H,CI. 
ie  Qvain  lepresented  by  4  vol.  of  vapour. 

vie  «ha]i  write  the  formula  of  thiD  product  0HCt„HCl,  because, 
in  coulaet  with  an  akohuUc  eolutiuu  of  potaasa,  it  a  decomposed 
into  chloroliydrie  acid,  which  combines  with  the  potusa^and  into  a 
now  subatance  O.UCl^  which  is  trtcMoriHated  iicarbuTeU«d  hjf- 
dro^tn. 

Bichloriuated  Dutch  liquid,  subjected  again  to  the  action  of  ehlorine 
inUtfl  uiuuuur  above  indicated,  is  coDverted  into  tneldorvRoUd  Dutch 
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Umtid  C^HCl,,  which  hoils  at  307°,  and  the  density  of  which  al 
32°  i»  1.&(>3,  while  that  of  its  vapnur  b  T.08,  and  the  c^Tolea 
C.HCIj  i«  thert'foro  Blill  rcprpseuK-d  by  4  vol-  of  Tapour.    The  fa 
tnulu  CyiOl,  may  bi-  writU'ii  C\C)«,HC1,  bcotiiM  thia  sabBtaoc 
Id  coDUict  with  un  alcoholic  eolutioa  of  potaSM,  is  d«ooiDp08«d  ai 
yield*  the  product  C,C1,,  which  ehouW  be  considered  as  ^luidriekl 
rinated  or  perehlormaUd  hiearburetied  hjfdrogtn,  nil  ihc  bydrogei 
of  tlio  olefiunt  g*«  being  here  replaced  by  nn  ennival(>nt  ^iiactir 
ofcliloritic.  nliilc  the  new  substance  is  a  simple  cnloride  of  carboo 
but  ilR  composition  is  still  the  same  as  that  of  bimrhureiTed  hydr 
geDt  since  Its  formula,  corresponds  to  4  toI.  of  Tapour. 

The  density  of  chloride  of  carbon  C.ClJs  1.61:  it  boils  at  251 .6" 

Finally,   by  treating  trichlorinated  Dutch   liquid  C^HCI*  wit' 
an  excess  of  chlorine,  in  the  sun,  it  loses  the  last  equivalent  of  hj 
di^>gcn,  which  is  replaced  by  1  equiv.  of  chlorine,  when  a  chloric 
of  carbon  C,CL,  which  may  he  considered  as  quadrichhrinated  v\ 
penhlcrinated  hutch  lujitid,  is  formed.     This  chloride  of  carboSil 
fiomctimcs  called  eex'^uichhrtdf-  of  carlion  on  account  nf  iti  conii: 
Bilion,  is  solid  and  crystalline,  havinc  a  peculiar  aromatic  stneU^i 
ia  readily)) urilicd  by  diti^olving  it  in  tsoiJing  alcohol,  when  the  liqo 
dcpoi^its  the  chloride  of  carbon,  on  cooling,  in  the  form  of 
white  crystivls,  which  melt  ai  320*^,  while  the  euWtancc  boils  atS56°J 
The  deu^ily  of  iu  vapour  beinj;  S.lti,  the  equivalent  C,Cl,i« 
fore  represented  by  4  vol.  of  vapour. 

Tli(->  ddorido  of  carbon  C,CI^,  of  the  series  of  bioarburetted  hj^ 
drogcn.  combines  roadily  vrtth  chlorine,  and  is  couTcrled  into  sol '' 
chloride  of  carbon  C^C!,,  of  the  serieM  of  Dutch  li<{uid  ;  while, 
procally,  the  chloride  of  carbon  C,Clg  is  readily  transfonned  iut 
chloride  of  carbon  C^Cl,.     By  piutaing  the  vapour  of  the  cblori^ 
of  carbon  C.CIg  through  a  tiibe  heated  to  rcdneM,  it  is  converted  lot 
chloride  of  citrbmi  O^t'I,  and  chlorino ;  but  it  is  difficult  by  this 
thod  to  obtain  the  chloride  C,CI,  pure,  on  account  of  the 
with  which  it  combines  with  chlorine  when  il  parses  with  the  I 
gu  into  the  receiver  in  which  it  Is  condensed.     This  transfoi 
tion  is  more  readily  effected  by  diaaolviug  the  chloride  of  carbon 
an  nlcoholic  solution  of  sulfhydrato  of  sulphide  of  potattsium,  «b« 
a  very  energetic  rottctioa  ensues  if  it  be  alightly  heated,  while  alar^ 
quantity  of Bulfhydric  acid  is  disengaged.     The  chkiriile  of  c»r! 
should  be  added *hy  maaH  qoantitics  at  a  time,  and  too  groat 
excess  of  snlf  hydi'iite  of  sulphide  of  potossiara  must  be  avoide 
When  the  solution  of  gas  cc««e9,  the  alcoholic  li(iuor  collected  in 
receiver  in  rlistilled  and  diluted  with  water,  when  the  chloride 
carbon  C,CI,  ui  depoaited  in  the  form  of  a  colourless  liquid. 

§133y.  Thcreexlst,  therefore,  two  series  of  produciftdcrivcdfroi 
two  original  substances,  bioarburetted  hydrogen  C^H^  and  Dutc 
liquid  C.n,Cl„  by  the  eucceasive  subscilutionof  equivalent  qiuiutitic 
of  chlorine  for  hydrogen,  while  Dutch  liquid  itaelf  may  be  coiifiit' 
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u  Icing  derived,  by  the  same  mode  of  generation,  from  a  carbn- 
^^^ettcii  tijdrogpn  CJI,  as  yet  unknown. 
^F    In  proportion  uh  the  elilorini*  thus  replacoB  ihe  hydrogen,  the 

density  of  the  sulKitancu  incrcoAcs,  and  its  boiling  point  rises; 
^  which  relElions  are  easily  seen  in  the  following  tables; 

^P  Seriet  of  BtcarbureUtd  Hydroijen. 

Bicarburetted  hydrogen  C^H^,       gfts  does  not  liquefy  at  «ny  tem- 
^L  pcraturo. 

^P  If onoohlorinated  hicar- 

burettod  hydrogen...  C^H^Cl,  boils  at  about  14°. 
Bichlorinated    bicarbu- 

M     retted  hydrogen C,H,01„  boils  Bt  06*,  dcnaity  1.250. 

^"  Trichlorinated  uicarbu- 

retted  liydrogcn......  C.Ha^      »  »  "  » 

'  richlorinated     bi- 
carburctted hydrogen  C,C1,,        '*    251.6*,      "      1.619. 

Seriet  of  DiUeh  Liquid, 
ed    hydrogen 

Mm) CJI,. 

>utch  liquid C^EI.Ci.  boils  at  180.5",  density  1.25fl. 

lonochlorinatcd  Dutch 

liouid C.H,a,      "         239%      "      1.422. 

}ichlorinated       Dutch 

liould C.H.Cl,      *'         275",      «      1.57S. 

ricblorinated     Dutch 

liquid C^UCl,       "      S07.4%      «      1.619. 

[jQuadrichlorinated 

Dutch  liquid C^Cl,  '•         SSe". 

In  all  these  products,  the  equivalent  it!  represented  by  4  volumea  of 

r,  and  it  may  be  admitte^l  that  tlic  siib^tAUces  of  the  same  seriea 

eat  ibvaaxaemoUcutargroamng,  and  only  differ  from  each  other 

the  chemieal  nature  of  one  of  their  elements,  hydrogen,  which  is 

lore  or  lese  completely  replaced  by  equivalent  quantitiea  of  chlorine. 

§  1^0.  Bromine  also  combines  with  bicarburctted  hydrogen,  and 

fields  a  substance   C,H^Br,  which   corresponds  exactly   to   Dutch 

'  juid.    It  ia  prcprtrcfl  by  dropping  bromine  into  n  current  of  biear. 

Btted  hydio^^t'ii;  when  the  brumiuL^  is  almost  inHtautaneotuly 

Dloiircd  and  converted  into  nu  etherial  liquid,  the  odour  of  which 

Gsemblee  that  of  Dutch  liquid.     In  order  to  purify  it,  it  ia  washed 

vith  a  small  quantity  of  water,  and  then  distilled  several  times, 

%It«m&telT,  orer  concentrated  stilphuric  acid  and  barvta.     The 

"Btwity  of  the  liquid  is  '2.UI  at  f5!t.8°  ;  it  boils  at  271.4*,  and  w>- 

lifien  at  5^.4°  into  a  whit<>  crystalline  maas  resembling  camphor. 

[ts  equivalent  is  represented  by  4  volumes. 

The  product  C^H.Br,  undergoes,  by  diatillatioQ  with  an  ■loohoUo 
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solution  of  potassa,  a  decompositioQ  analogous  to  tbat  exporifittoei 
Itj  Dutch  liquid;  l>romi(3e  of  potasaium  and  %  gas  C.iljBr.  iriitdl' 
condbnaes  reAdily  in  amixCure  of  ice  and  s«a>»alt,  beic;;  formed.    It 
is  tawchrotninotfid  hicarburetted  hydrogen,  and  its  deni^it^'  )»  ftboot^ 
1.52,  while  the  denHitj  of  its  vapour  in  3.G4,  and  ita  ei}iuvDlcQt  il'' 
reneseoted  hy  4  Yoliimcs  of  vapour.  I 

Bromine  littaclcR  mnnottromiiiaUid  bicarlmretttHl  hydrogen,  and  j 
converts  it  into  a  liquid  C,lI,Hr,  which  corresponds  to  tnonocUo- 
rin&ted  Dutch  liquid.     The  actiou  of  brumiue  does  not  appear  to 
extend  any  Turlhei-,  even  hy  long  exposure  to  the  ray«  of  the  sua. 

§1!141.  If  hicarharetted  hydrogen  he  paued  tti  tie  bottom  of  » 
matrasfl  containinjr  iodino  and  heated  to  1:20'  or  140*,  the  iodine 
soon  fiispji,  and  yellowiuli  needles,  which  hocomc  completely  white 
by  the  prolonged  action  of  tho  olcfiani  gas,  oondcDM  in  the  neck 
of  the  niatra»!) :  liy  treating  which  with  aULoline  or  omiuoniaeal 
water,  a  crj'HtalUne  subatance  C^H^f,  is  obtained  corre>)poniling 
to  Dutch  1i<piid.  This  subatanco  bccuiues  sliglitly  yellow  by  dry- 
ing, but  recovertt  iU  whileiit'Ha  wUou  exposed  to  a  current  of  bicar> 
biirettcd  hydrogen.  It  hoH  iin  etber-Ukc,  ebarp,  and  pcuctraciog 
odour,  cau&iag  a  flow  of  tears ;  and  light  decomposes  it  spontane-  ' 
oosly.  It  meltH  at  IBT'^f  but  is  destroyed  at  a  tcmpcraturo  sligbtlr  i 
above  that  point.  Putaasa  dinolved  m  alcohol  dueomposeK  it,  ana 
produces  moniodinatfd  licarSurtttcd  hudrogen  C^IIjl,  which  is  a 
volatile  liquid  ;  while  tho  greater  part  of  the  product  is  still  further 
dccompost'd  and  yields  a  gtiecous  c&rlurottcd  hydrogen. 

]Jy  decora po)*ing  Dmch  liquid  by  alcoholic  Bolutions  of  memo* 
sulphide  of  potasfeiam,  solid  prodncis  result,  in  which  the  sulphur 
replaces  tlic  cbloritic  of  the  original  subaiunccs;  but  these  protiocti 
have  been  but  Uttlo  studied,  and  as  yet  only  the  compound  C,H,S» 
which  corrt'Hponda  to  Dutch  liquid,  i.i  known  with  certainty. 

on  of  Wint. 

§  1342.  Durinc  the  jjreparation  of  ether  or  blcapbiiretted  hyilro- 
gcn  by  the  r<!octLou  of  cuncentrutcd  eulpburic  acid  en  alcohol*  a 
oerluin  quautity  of  a  very  heavy  oily  eubstuuce,  culled  heavg  oil  of 
wint,  which  dUfolves  in  clbcr,  but  separates  from  it  when  it  is 
diluted  with  a  »uflicient  uuuntity  of  water,  \i  constantly  formed. 
The  beet  method  of  preparing  it  eonsistj  in  heating  1  part  of  absfr* 
lute  alcohol  ATid  2^  parts  of  concentratud  sulphuric  acid,  and  first 
collecting  the  producLi  in  a  bottle  kept  nt  the  temperature  of  flS* 
or  104",  ill  which  very  little  ctlier,  but  the  greawr  portion  ■ 
heavy  oil  of  wiue  condenses;  and  then  in  a,  second  cold 
if  the  ctbcr  'is  to  be  preserved.  The  same  substance  is  obtained  by 
dccompo^iig  by  heat  well-dried  f^ulphovinatcs.  It  is  washed  severu 
tinie*  with  cold  water,  in  order  to  remove  the  alcohol,  etJier,  the 
sulphurous  autl  aulpburic  acids  whicli  impurifj  it,  and  then  exj 
fur  several  dnya  in  vacuo  over  coneentraleii  sulpboric  acid,  in  order 
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to  abftorb  tlie  iratcr.  It  u,  however,  difficult  to  obtiun  n  tmifonn 
composition  of  the  aubBtance,  and  cLcmiBts  aro  not  agreed  as  to  its 
Datarn.  From  oooIjbob  mcmt  vrortby  of  tmafidencD,  ibs  fonnula 
rould  be  C,EI,0,2S0j,  althougb  it  luny  pcisstblj-  bo  Imi!  talphuHe 
\ther  C,II,O,S0j,  bcit»oging  to  the  Bcrins  of  compound  ethers  of 
vhirb  wc  aro  about  to  treat,  and  mixed  with  a  siuall  (luantilj  of 
fiH'cigD  mbstancc!,  principaltj  corburcttcd  bydrogcD,  vhich  mty, 
in  fact,  be  separated  from  it.  It  is  suffideut  to  digest  hcayy  oil  of 
«in«  for  some  rimo  vith  hot  wntcr,  or  better  still,  vritb  an  allc&linc 
liquid,  in  order  to  decompose  it  into  ^ulphoviaic  acid  and  a  light  oil 
baviiig  tb«  Kame  oleTnentaryeompotittionns  bicarbiirotted  hydri^en, 
but  the  boiling  point  of  vrhich  is  as  bif(h  as  586°.  It  ia  not  yet 
decided  whether  this  latter  Rnbdtanco  h  a  product  of  the  dccotnpo* 
aiuon  of  heary  oil  of  wine,  or  if  it  be  merely  mixed  with  it.  This 
Otljr  o&rburetied  hjdrogen,  allowed  to  rent  for  AOine  time,  deposits 
cryrtaU  which  arc  purified  by  preesing  them  between  tisene-paper, 
■nd  the  oompoiiition  of  which  is  the  same  as  that  of  lic|uid  carbu- 
retted  hydrogen  :  they  melt  at  230",  and  distil  at  320*. 

■»  COMPOUND  ETHERS  AND  VINIC  ACIDS. 

^t    f  134S.  The  action  of  acids  on  alc-uhol  calls  into  existence  nnme- 
Hvoua  compound-t,  formed  by  the  combination  of  1  e<{niv.  of  ether 
"C-HjO  with  1  or  3  eniuiv-,  of  acid.     CompoiindB  containing  2  equiv. 
of  acid  are  powcrfid  arids,  which  accurately  saturate  the  bases,  and 
form  B  great  numlier  of  jcrystallizahlo  salts,  and  they  aro  commonly 
called  vini*:  acidt;  ("ulpho^-tnic  arid,  the  preparation  and  properties 
of  which  we  have  described,  [§  1830,)  belonging  to  this  claat.     The 
compounds  contaiiiing  only  1  oquiv.  «f  acid  ai'o  neutral  with  re- 
agents, and  arc  called  compound  ethtn. 
^L     Certain  acid#,  «ueh  as  oxalic  and  carbonic,  form  both  compounds, 
^Mrhile  others,  as  phoaphoric,  form  only  the  acid  compound,  vinic  add; 
and,  lastly,  others,  lis  nitric  and  acetic,  yield  the  neutral  compound 
oluiie.     The  luajurity  of  conipotmd  ethers  may  be  distilled  withoat 
alteration,  but  aro  decomposed  by  being  boiled  with  an  alkaline  so- 
lution ;  the  acid  of  the  compound  ether  generally  combioing  with  the 
alkali,  while  the  ether  C^H,0  set  free  combines  witli  1  eooiT.  of  water 
to  form  alcohol.     Nearly  all  the  known  aoide  are  capable  of  forming 
with  alcohol  componnd  ethers  or  rinic  adds;  and  we  shall  now  de- 
scribe such  of  these  compounds  as  aro  formed  by  mineral  acids  and 
sunie  organic  acid-*  already  described,  and  shall  refer  the  etudy  of 
the  others  to  those  chapters  in  which  the  properties  of  the  add  en- 
^-toring  into  their  coninositJon  is  to  be  described, 
^v  'Wo  shall  not  again  touch  on  eulphorinic  acid,  which  has  been 
^^affidently  described,  (§1^30;)  and  the  neutral  compound,  evj- 
fhuric  euier  C,H,0,SO„  has  hitherto  not  been  obtauietl,* 


*  It  WM  rMtalty  fom»<l  bj  Dr.  C-  W«ibertU.- 
ToL.  n.— 2U  84 
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TIUSSFOKMinONS  OT  AtCOHOt. 


PhMphovinie  Aeid  tC^H,0+2HO),P0,. 


§  1S44.  Plioflphovinic  acid  is  otitainvd  hv  beating  for  some  ume^ 
&t  ft  tcmpcratnn!  of  176*^,  equal  psrte  of  absolute  akohol  and  aj 
syrupy  solution  of  pbosphoric  acid ;  after  which  the  liquid  h  atlowei 
to  tat  until  the  following  daj,  when  it  is  diltitwl  with  w»tcr  uull 
»aturnted  with  carbonate  of  barjrta,  when  the  free  phosphoric  atid 
forma  an  iriHoluhle  pliosphiite  with  baryta,  while  the  pbiwphovinate' 
produced  with  this  base  is  soluble.    The  nolution,  when  evaporated,, 
deposits,  on  cooling,  oryBtahi  of  pbospbovinate  of  hnryta,  whiob  if 
much  htB  solublo  than  the  eulphorinate  :  at  104",  ita  groateet  point  | 
uf  solubility,  100  p&rts  of  wat«r  dissolve  only  0.3.     It  is  atso  mi 
more  fixed  than  the  sulphoviuatc,  for  it  may  be  heated  up  to  '" 

without  change.    By  druppiiig  sulphuric  acid  into  a  soluliou  of  ]_ 

phovinatc  of  baryta,  ihe  baryta  is  precipitated  and  a  i>olQtioii  of^ 
phoBphovinic  acid  obtuiucd,  wuicb  luaybe  boiled  vithout  alterstiotm 
and  whieh,  when  eruporitted  to  the  consistence  of  syrnp  in  tht ; 
Tacuuni  of  an  air-pump,  deposits  crystals,  if  the  temperature  be  low. 
The  majority  of  tbc  phosphovinateH  being  solublo  in  water,  araj 
easily  prepared  by  double  di-coni position,  by  pouring  the  eulpliata 
of  the  base  into  a  solution  of  phos.pIiorinHte  of  baryta. 

Crystallized  phosphovinate  of  baryta  contains  lij  e<)uiv.  of  water 
of  crystallization,  which  may  be  driven  off  by  heat  without  altera-, 
tion.  The  formula  of  th©  dried  salt  is  {2BaO+C^H»0),P0,;  andj 
it  presents,  therefore,  the  composition  of  the  tribasic  phosphates,  by' 
admitting  that  ether  C^II  O  replaces  1  cquiv.  of  baee.  The  compo* ' 
aitinnn  of  the  other  phosphoTinatea  are  analogous. 

No  neutral  eoinpuund  of  ether  with  phoi^phorfc  acid  is  knomi. 

Altrie  Ether  C.HjO.NO,. 

§1845.  Nitric  add  forms  with  ether  only  a  neutral  compooad, 
nitric  ether;  no  rinic  acid  having  hitherto  been  discovered. 

On  mixing  alcohol  with  nitric  acid  and  heating  it  gently,  a  vioUnt 
reaotion  ensues,  and  a  large  rjuantity  of  nitrouA  ga.>t  ia  diHengaged, 
irhile,  together  with  other  products,  there  re.sulLei  an  ether  irEicli  is 
not  nitric  ether  C,n»0,NO,.  but  nitrova  ether  C^n,O,N0r  Nitrie 
ether  may,  however,  be  produced  by  the  direct  action  of  nitric  add 
on  alcohol,  if  the  forming  of  nitrous  acid  be  avoided,  becauae  ttiii 
acid,  on  nceoont  of  its  more  powerful  oxidizing  agency,  yielda  very 
complicated  products.  It  la  effected  by  guntly  heating  in  a  retort 
150  gm.  of  a  mixture  of  equal  parte  of  alcohol  at  0.S5*  and  very  pare 
couccntratcd  nitric  acid,  uf  thi;  density  of  1.4,  tu  which  is  added!  gm. 
of  urea,  an  organic  substance  which  shall  bo  described  among  the 
prodaota  of  the  animal  ecouoioy.  The  first  product  of  distiliativB 
w  composed  chiefly  of  alcohol  diluted  with  water,  but  the  nitric 
ctbor  itself  very  soon  distils  over,  and,  towiird  the  close  of  the 
operation,  this  liquor  forma  a  denser  layer  n.t  the  bottom  of  tfa« 
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__,_.rer.  The  operation  ia  arreeted  when  about  i  of  the  liquid  etill 
rrmninn  in  the  retort;  and  in  order  to  separate  that  whicn  ia  di»- 
8oIvcd  ia  the  snpernatant  alcoholic  licinor,  water  is  added  to  it  and 
it  is  shaken ;  after  which  the  ether  is  decanted,  washed  with  an 
alkaline  solution,  th«n  with  water,  and,  lastlj,  it  is  distilled  over 
chloride  of  calcium. 

The  object  of  the  finall  quantity  of  urea  added  to  the  mixture  18 
to  prevent  the  formation  of  nitrous  acid,  or  rather  to  effect  the 
destruction  of  ibia  acid  ita  fast  ait  it  is  formed.     The  urea  combines 
*ith  the  nitric  acid  and  constttuteH  nitrate  of  urea,  which  cnnipound 
[■  is  readily  destroyed  by  contact  with  nitrous  acid,  Iha  two  substanceft 
being  converted  into  nitrogen,  water,  and  carbonic  acid.     Nitric 
ether  ha*  a  pleaBaiit  and  sweet  smell,  and  a  saccharin©  taste  :  its 
density  is  I.II'J,  and  it  boils  at  1^5°,  decomposing  at  a  tempera- 
ture slightly  above  its  boiling  point,  and  forming  explosive  vapour 
<  irh«D  heated  tbore  2V2°.    An  aqueous  solution  of  potawa  doee  oot 
,  decompose  nitric  ether,  but   an  alcoholic  eoluttoti  of  potawa  de- 
Btroys  it,  oven  when  cold,  alcohol  and  nitrate  of  pot&ssa  being 
formed. 

Tiiirov*  Ether  C^n.O.NOr 

S 1 346.  It  has  just  been  said  that  iiitroua  ether  is  one  of  the  products 
of  the  action  of  ordinary  nitric  acid  on  alcohol,  but  the  reaction  is 
extremely  tumultuous,  i\iv\  If  large  quantilti^^  of  the  mixture  are  ope- 
rated on,  especially  vcbett  in  o  emall-ncckcd  retort,  an  explosion  may 
ensue.  The  nest  method  of  preparing  it  consists  in  pouring  carefully 
into  a  bottle,  by  means  of  a  funnel  terminating  in  a  narrow  tube 
deaoending  to  the  bottom  of  the  bottle,  first,  one  part  in  volume  of 
alcohol  of  0.85,  then  one  pfirt  of  nitric  acid  with  4  equiv.  of  water. 
The  bottle,  toottdy  corked  in  order  to  allow  the  gaises  to  eecape,  is 
left  for  2  or  3  days  in  as  cold  a  place  as  possible,  when  the  upper 
layer,  nhich  contains  a  largo  quuiility  of  nitrous  ether,  is  decanted, 
and  then  a;ritated  with  a  wcjtk  solution  of  caustic  potaasa,  and 
difCflted  wittt  chloride  of  calcium. 

Pare  nitrous  ether  is  colourless,  and  its  odour  resembles  that  of 
pippin  apples,  while  ita  density  h  0.880,  and  it  boils  at  about  150.8**. 

Sulphurous  Ether  C»H,0,SO,. 

§  1847.  This  compound  ether  Is  not  formed  by  the  direct  action 

of  fiulphuroaa  acid  on  alcohol,  or  on  a  mixture  of  alcohol  and  sul- 

I  phoric  acid,  but  is  obtained  by  pouring  alcohol  on  protochloride  of 

[aolnbur,  when  the  mixture  becomes  heated,  while  cnlorohydric  n«id 

<  oisengaged  and  sniphur  dcpoaited.     By  distillation,  alcohol  first 

_  usee  over,  and  then,  when  the  temperature  approaefaea  888°  a 

'colourless  liquid,  having  the  smell  of  mint,  and  the  density  1.085, 

and  which  is  tulphurout  ether  C^H,0,SO^     It  dccompusea  slowly 

in  a  moist  atmosphere. 


TKAN8PORUATI0KR  OF   ALCOHOL. 

Boraeie  Ether  C,H,0,2BO,. 

§  1348.  On  tnizing  equal  weiglita  of  fus^d  and  finely  powdered 
lioracic  aci<],  and  absolute  alcohol,  &  considerable  qiuntitj  of  beet 
is  evolved ;  and  if  tlio  mixture  be  distilled  in  a  retort  fnmislied 
frith «  thermometer,  alcohol  first  parses  orcr,  ■while  the  tuuipem- 
tttre  gradually  rises  and  aocm  cicecdB  312°.  The  distUlalion  '\a 
arrested  when  the  temperature  reaches  230" ;  and  the  masB,  when 
ooolcd,  b  dissolved  in  ether,  the  ctberiol  solution  itt  evaporated, 
«ad  the  viscoaa  residue  heated  to  392'^  in  an  oil-bath ;  nhctt  the 
Vabstance  remaining  is  boraeie  ether.  It  is  a  tninsparent  gla^s, 
I  vomewhat  soft  at  the  ordinary  temperature,  and  which,  at  the  tent- 
jerature  of  104°  or  120**,  may  ho  drawn  out  into  thread.  Il  smells 
feebly  of  ether,  and  at  892°  it  yields  white  vapours,  while  a  tem- 
perature of  £70°  decomposes  it,  disengaging  very  pure  bicarborelted 
bydrogcn.  Tepid  water  also  doccmpoecs  it,  formbe  alcohol  and 
boracic  acid.  Alcohol  and  ether  dissolve  boracic  eUior  and  fonn 
solutions  which  set  into  {;c]atitiouB  mafisea  on  the  addition  of  water. 
When  an  alcoholic  Bolution  of  boratic  ether  ia  distilled,  a  consider- 
ftbl(»  quantity  of  it  is  carried  over  by  the  alcoholic  vapours,  which 
then  burn  with  a  beautiful  green  Uamc,  owing  to  the  presence  of 
boracic  acid. 

Silted  Ethffrt  SC.HjO.SiO,  and  3C,H,0,2SiO,. 

1 1849.  'When  absolute  alcohol  ia  carefully  poured  into  dil 
of  silicium,  a  very  energetic  reaction  ensues,  and  a  lai^c  qi 
of  chlorohydric  acid  gas  is  generated.  Alcohol  is  gradually  at 
until  a  new  addition  produces  no  evolution  of  gas;  and  od  thco 
distilling  the  mixture,  chlorobydric  ether  h  first  discngagody  and 
the  tempeTature  in  the  retort  soon  rises  to  820^,  while  toe  gKoUr 
portion  of  the  subatanoo  di-ftlls  between  820°  wid  888*,  wDidi  ia 
aeparatety  colloctod.  Wbcii  the  temperature  exceeds  888*  the  i 
receiver  is  changed,  and  distillation  is  curried  to  dryneee.  The 
product  distilled  between  between  320°  and  338°  is  again  rectified, 
and  then  is  sImoHt  entirely  composed  of  a  Uauid  boiling  between 
828.5*  and  325.5,  and  of  which  tbe  formula  ijt  3C,H.O,SiO  .  It  is 
a  silicic  other,  difioring  in  composition  from  the  compound  etbcn 
hitherto  described,  in  contaiiung  3  pquiv.  of  ether  0,11,0  for  1 
oquiv.  of  silicic  acid.  Silicic  ether  is  a  colourless  liquid,  of  in 
etner-liko  and  penetratiug  amell,  of  a  taele  like  pepper,  and  of  the 
density  0.&42.  Water  does  not  dissolve  it,  but  decomposes  it  after 
&  time,  and  Bilicic  acid  is  separated.  When  silicic  ether  is  lefi  for 
&  very  long  time  in  a  badly-stoppered  bottle,  decomposition  is  m- 
dually  effected  at  the  expense  of  atmospheric  moisture,  the  sifioio 
ether  becoming  more  and  more  viicous,  while  it  litill  pre«erTee  its 
transparency,  while  there  reinainu  at  laat  a  perfectly  transparent, 
rilrcoua  matia,  of  great  Uardness,  consisting  of  hydrated  silicic  acid. 
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Bj  ftgaia  rectifying  the  prodncM  of  the  action  of  alcohol  on 
chloriile  of  giticiiim  which  hnvc  dintillpd  above  892*,  and  collectine 
Bvparatcly  the  product  wlitch  djslillcd  above  ol'I'^,  a  new  ether  of 
the  formula  3C  n^O.SSiO,  is  obtained.  The  fomiiiU  of  the  two 
ftlicic  ethers  diner  greatly  from  those  of  other  compound  ethers. 
It  hag  been  seen  (§  244)  that  chemists  are  not  agreed  upon  the 
CQuivalcDt  of  siltciani  and  the  furoiula  of  silicic  aciu,  and  that  some 
think  that  the  formnla  tthould  be  ■wrJiten  SiO;  in  which  CJiee  the 
two  silicic  ethers  would  assume  the  formula  C,HjO,SiO  and 
CjHjO,2SiO,  the  former  being  analocoua  to  that  of  orainary  com- 
pound ethers,  and  the  latter  to  that  of  vinic  acids. 

Carbonif^  Ether  C,II,0,CO,  ajid  Carhovinie  Aeid  C,n,0,2C0,. 

1 1.150.  Carbonic  ether  is  not  obtained  by  ibe  direct  action  of 
carbonic  acid  on  alcohol,  but  has  been  produced  by  dintilling  oxalic 
ether  with  potafitfiiim.  'Jho  oxalic  ether  is  introduced  into  a  tubu- 
lated retort  and  heatpd,  potaaiiium  or  sodium  Icing  gradually  added 
until  gas,  consieting  of  carbonic  oside.  is  no  longer  evolved.  The 
colour  of  the  substance  remaining  in  the  retort  is  of  a  deep  red ; 
and  when  it  is  again  distilled  with  a  quantity  of  water,  the  carbonic 
ether  forms  the  uppRr  layer  of  the  dintilled  ti([uid,  which  is  decanted 
and  rediatilled  over  chloride  of  calcium. 

Carbonio  ether  is  a  colourlew),  rerr  fluid  liquid,  of  nn  aromatic 
smelt  and  aerial  t&ste,  and  its  density  i^  0.1*  1 2,  while  it  hoita  at 
268.8^,  yielding  n  vapour  of  the  donalty  4.1 ;  and  its  equivalent 
0,HjO,C0,  ia  represented  by  2  volumes  of  rapoar.  Pota^sa  dis- 
solved in  alcohol  changes  it  but  slightly  when  cold ;  while,  when 
hot,  carbonate  of  potassa  is  formed,  and  alcohol  is  separated. 

Carbonic  ether  is  decomposed  by  a  solution  of  ammonia,  and 
yiehls  alcohol,  and  a  white  crj'wtalliiic  siibatance  soluble  in  water 
and  alcohol,  to  which  the  name  of  Krethan  has  been  given.  The 
fonnala  of  urethan  is  C,HjO,(C,0„NH,) ;  and  it  maybe  regarded 
BS  a  compound  ether,  formed  by  a  peculiar  acid  C,0„NH,,  which 
liaA  been  called  enrbamie  aeid  ;  in  which  coso  urethan  would  be  ear- 
bamie  ether.     We  have,  in  fact, 

2(C,H,0,C0,)+NH,=C,H,0,(NH„C.O.)  +  C,H,0^ 

If  a  concentrated  solution  of  caustic  potassa  in  anhydrous  alcohol 
be  Katurated  with  carbonic  acid  ga.<<,  the  liquor  at  last  sets  into  a 
mass,  in  consequence  of  a  copious  deposit  of  carbonate,  bioarbonate, 
and  earhovinatt  of  potaaaa.  Ether,  which  completes  the  precipita- 
tion of  the  carbonnate  of  potasas,  is  poured  into  the  fluk,  and  aft«T 
having  decanted  the  liiiuor,  the  deposit  is  shaken  with  absolute 
alcohol,  which  disaolvea  only  the  earnovinatc-  The  Alcoholic  sola- 
tion  is  filtered  and  dropped  into  very  anhydrous  ether,  which  agadn 
precipitates  the  carboviiiato  of  pntastsa.  I'hc  formula  of  the  mit, 
dried  in  vacuo,  is  KO,(t\n,0,2CO,);  and  it  forms  white,  pearly 
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^lC9,  crcaey  to  tlie  touch.     Water  deoomposee  it  insuntly  iato 

Jooliol  ana  bicarbonate  of  potassa. 

Ort/chhrecarbonu!  Ether  C,H,0C,0,C1. 

§  1351.  On  pouring  absolute  alcohol  into  a  matrass  filled  with  cblo- 
Tocarbonic  gan,  COCl  (§  258,)  the  temperature  riscA,  and  the  liquid 
1 0eparat«8  into  two  lasers,  the  lower  of  wbic-li  is  formed  of  oxychlo- 
I  rocarbonic  ether.  It  ia  purifiod  bj  digesting  it  over  Utharg«  or 
I  chloride  of  calcium,  and  then  distilling  it. 

Thifi  otlicr  is  licjuid,  colourlcAS,  having  a  penetrating  odaur,  which 

I  excites  to  tearx  ;  and  its  density  h  1.133,  while  it  boils  at  201.2**, 

,  and  burns  with  a  green  flame.     Bailing  water  decomposes  it ;  and 

itmaj  be  considered  aji  a  compound  of  carhonic  ether  C,H,0,CO,and 

chlorocarboiiii;  gas  COCl.    Ammonia  decomposes  it,  chlorohj'drate 

,  and  carbonate  of  ammonia,  and  carbonic  ether,  being  formed. 

Oxalic  Ether  C,n,0,C,0„  and  Oxahvinie  Acid  CJlfi,2C,0, 

§1S52.  The  hest  method  of  preparing,  oxalic  ether  consbt 

mixing  in  a  tobuktcd  retort  1  nnrt  of  oxiuic  acid  dried  at  2I2**,.1 

formulu  of  which  is  then  C,0,,HO,  with  G  parts  of  absolute  alcohol. 
A  thermometer,  the  bulb  of  which  reaches  nearly  to  the  bottom  of 
Uic  retort,  is  Gttod  to  its  tubuluro,  and  the  difitiUatioo  ia  coDtiuued 
until  the  thermometer  marks  2S4'',  when  distilled  alcohol  is  intro- 
duced and  the  distillation  repeated,  ceasing  only  when  the  tbonno- 
.meter  marks  'i'20°.  The  liquid  rvuiaining  iit  thu  retort  is  then 
!|K>arcd  into  water,  when  oxalic  ither  scparatoa  as  a  \xcnvy  liquid, 
Tihich,  after  being  washed  several  times  with  water,  ia  *gftin  distilled 
over  litharge,  which  gciacs  upon  the  free  oxalic  acid.  The  product, 
after  being  loft  for  some  time  in  contact  with  fused  chloride  of  cal- 
cium, is  pure  oxalic  ether.  It  is  colourless,  and  of  an  aromatic 
odour;  and  its  dcnaily  is  1.093,  while  it  in  very  slighlljr  soluble  in 
Tatur,  but  perfectly  so  in  ak-uhol.  Iho  density  of  its  vapour  i& 
6.078:  it  boiU  at  3(53.2",  and  its  cciuivutent  C',II,0,C,0,  corre- 
speuda  to  2  volumes  of  vapour. 

Oxalic  ether  is  decomposed  by  contact  with  a  solution  of  potasna, 
into  alcohol  and  oxalic  ucid,  which  decomposition  is  also  effected, 
after  a  long  time,  by  pure  water  ;  and  when  left  in  a  badly-stoppered 
Iwttle,  in  contact  with  moist  air,  it  deposits  crystals  of  hyth^ted 
oxalic  aoid.  Ammonia  exerts  a  remarkable  action  upon  it,  formiog 
two  new  product",  oxamiJ  and  oxamtc  ether. 

On  dropping  oxalic  ether  into  a  solution  of  ammoniacal  ga«  in 
absolute  alcohol,  a  peculiar  substance,  first  called  cxamethany  is 
formed,  which  is  now  regarded  as  a  compound  ether,  formed  bj  a 
peculiar  acid,  called  ozamic,  C,0,NIIpC,0^  On  evaporating  tlio 
liquid,  the  Bub^tanee  separates  iu  the  form  of  lamcllatod  crystab, 
of  a  greasy  aspect,  meltiug  at  about  212",  and  distilling  without 
change  at  248".    It  dissolves  readilj  iu  water  and  in  alcohol, 
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«<\iioous  eolation  being  docornpoacd,  by  boiling,  into  biooxalate  of 
ninmoma  ani3  alcohol.  The  foniiu]n  of  oxAmic  ether  »  C^II.O, 
(C,0^"H^C,O,) ;  and  the  reaction  from  which  it  arises  is  expressed 
hy  the  follovfing  ct|uatioa : 

2(C.H.O,C.O0+NH.-C,H,O,(C,O^-H,C.O0+C.H,O,. 

It  has  already  bren  shown  that  the  oramid  C,0,N!I,  is  formed 
daring  the  diatUUtion  of  oxalate  of  ammotiia.  This  substance  is 
more  cssllv  prepared  bjr  decomposing  oxoHc  ether  bv  an  wjucoua 
Bolution  of  aroinonta.  Oxamid  is  x  white  crjetaUino  subetanee, 
having  no  notion  on  coloured  testa;  and  cold  water  doc»  not  eeosi- 
blT  dissolve  it,  wliile  hot  water  di»4oIvc9  a  smull  quantity  of  it, 
which  is  again  deposited  on  tho  cooling  of  the  liquid.  Dilute  acids 
And  nlkulios,  whi'ti  cold,  du  not  uSeci  oxamid:  but  at  tho  boiling 
poiDt,  oxumid  again  takes  up  two  equivalcnte  of  water,  and  yields 
ammonia  NH„HO  and  oxalic  acid  C.O,. 

On  adding  to  oxalic  ether  disaolvcd  m  absolute  alcohol  a  quan- 
tity of  polnssa  also  dlsgolTed  in  anhydrous  alcohol,  in  such  quantity 
that  it  HhallRntiirateone-half  of  the  oxnlicBcid  existing  in  the  ether, 
a  salt  almost  insoluble  in  absolute  alcohol  ia  precipitated  in  the 
form  of  small  crystalline  lamcllie,  consisting  of  oxalovinaU  of 
potana,  which  dissolves  without  alteration  in  water,  but  sobHe- 
qnently  oryatalliKca  with  difficulty.  If  too  great  a  quantity  of 
potassa  be  luhled,  oxalate  of  potuJ^au  and  alcohol  only  arc  obtamcd. 
The  formula  of  the  salt  ig  k6,(C^H^O,2C,Oj);  and  when  it  is  pre- 
cipitated mixed  with  a  certain  quantity  uf  uxalate  of  potassa,  it  may 
beBeparat<>d  from  it  by  treating  the  procifiitate  with  slightly  diluted 
ftloohol,  which  diasolvcB  only  the  oxalovinatfi  of  potassa.  By  adding 
sulphorie  acid  to  this  solution,  the  potas^a  ia  precipitated  in  the 
State  of  sulphate,  and,  if  tho  liquid  bo  then  saturated  mth  caustic 
baryta,  a  solution  of  oxalovinate  of  baryta  Is  obtained.  The  aqueooa 
solution  of  oxalov'iiiic  acid  ia  readily  decomposed  by  evaporation, 
■ad  crystals  of  hydratcd  oxalic  acid  arc  obtained. 

Muac  Elher  C.H,0,C,U,0,. 

%  1858.  Muoic  acid  docs  not  form  a  compound  ether  hy  ita  direct 
action  on  alcohol,  but  a  mucic  clhcr  is  obtained  by  dissolving,  wiUi 
the  aid  (if  heat,  1  part  of  mucic  acid  in  4  of  aulphuric,  ana  then 
adding  to  the  liquid,  when  cooled,  4  partd  of  alcuhid.  Afier  some 
time  a  copious  deposit  of  acicular  crystals  is  formed,  which  ai« 
purified  by  solution  in  boiling  alcohol,  Irom  which  they  again  sepa- 
rate on  cooling.  The  crystaLt  are  mucic  ether  C,'H,0,(^B,0„ 
-which  melts  at  about  2^4'*,  and  is  decomposed  at  338°  withoat  dis- 
tilling. It  dissolves  in  boiling  water,  from  which  it  again  separates 
almost  entirely  on  cooling ;  and  boiling  alcohol  alao  dissolves  it, 
whiki  after  cooling  it  retains  bat  very  feeble  traces  of  it. 
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Compound  fif  Ether  C,H,0  with  iJie  MetailU  Chhridtt. 

1 1354.  Simple  ctlier  forms  cryaUlUsable  compounda  with  sereraJ 

inrtalIicchloridefi,paniciiIarIj-wilhtlicbichloridMoftinaiirltilaniuai. 

By  iutroduciiig  iuto  a  very  dry  bottio,  containing  bichloride  of  Ctn 

or  tilunium,  no  op«n  tube  rontaininjr  ether,  and  allowirifr  the  bottle 

to  rest,  crystals  remarkable  for  their  sharpne&s,  snd  of  vrliiob  the 

lfc.nDuUi8  2CH,0,SnC)„  2C^n,0,TiCI„  aro  fgrmcd  on  its  Bides. 

I  {Che  crjstalii  uiHtolvc  vithout  change  in  ethor  and  absolute  alcohol, 

Ibot  are  decomposed  by  contact  with  water,  the  cthor  being  set 

free. 

Compound  of  Ether  with  Sulphide  of  Carbon,  Sulj'hocariovinie 
Acid  or  Xanthic  Acid  C,H,0,2CS^ 

§  1355.  TbosQ  compounds  arc  obtained  br  dropping  into  a  sola- 

1  of  pota^ea  in  abuolutc  alcohol  sulphide  of  cnrbon  tmlil  the  liquid 

lost  ita  aJkiUne  reaction,  when  n  peculiar  salt  of  potussa  is 

^jTonacd,  titc  greater  portton  of  which  ^cparatcfi  in  th«  form  of  oimQ|re- 

culoui'L'd  crystals.     Xb«  eompoution  of  the  8alt  correfpondB  to  tJie 

'  formula  KO,(C^lIjO,2CS,),  and  it  may  therefore  be  regarded  u  a 

Tinic  acid  in  which  the  ether  C^U^O  is  cotabiDed  vith  sulpbocar- 

bonic  acid  CS,:  it  is  also  calJod  xanthie  aeid. 

The  acid  is  separated  by  pouring  fiulpharic  or  chlorohydric  add 
into  a  solution  of  xnnthntc  of  potitNua,  when  the  li(]uid  becomes 
milky,  nhile  a  colourless  oil  separates  from  it,  iihich  is  sevcml 
times  washed  with  water.  This  is  lanthie  acid,  which  is  not  very 
fixed  when  isolated,  lite  alkaline  xanthaLes  arc  soluble  in  water, 
while  the  other  motallic  xnnthatos  are  insoluble  and  arc  precipitated 
in  the  form  of  yellow  powders.  Xantbates  yield,  bv  distiUution, 
I  geveral  new  products,  which,  Tiowcver,  have  not  been  nitherto  soffi- 
eiently  invostigated. 

eiMPLJB  BTQEBS. 

§  1!^56.  The  erjiiivalent  of  oxygen  in  ether  C,II,0  may  be  re- 
placed by  resppctix'ely  1  ei{uivalent  of  chlorini-,  bromine,  iotUno, 
iRolphur,  selenium,  tellurium,  and  cranogen;  and  rolatilei^uhstAnoes 
fmsT  be  thus  obt^ed,  some  of  which  can  form  compound  ethers  and 
''  Time  acids.     We  shall  call  this  class  of  ethers  tintph  etktrt;  ud 
ordinary  ether  C,H,0  uecesaarily  belonga  to  it. 

CJdorohydric  Ether  C,Tr,CI. 
S  1357.  This  substance  is  directly  formed,  by  tho  reaction  of 
llcrohydric  acid  on  alcohol.   Abeolnte  alcohol,  made  very  cold  bv 
■MDg  surronnded  with  ice,  is  completely  saturated  wiih  chlorohydrio 
[•Old  eas,  and  the  liquid  is  then  distilled,  tho  gas  erolved  being  con- 
Tcycd  through  a  wasiiing-hottle  containing  water  and  kept  at  a  tem- 
perature of  77*  or  86%  and  thence  into  a  re«eiTer  cooled  by  a  re-.. 
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frtgcrfttiog  mixture.  Cblorobyilrio  ether  hc'mg,  gsaeoiu  at  a  t«in- 
pentare  aboro  55.4",  travoraes  the  vnter  iii  tlio  witghiufr-boltle, 
which  retains  the  excess  of  chlt>robydric  acid  or  alcohol ;  anrt  con- 
denses in  the  receiver.  In  order  to  rvmove  all  traoee  of  alcohol 
and  water,  the  chlorobydric  fth«r  ie  thstilled  with  coniMnitrateil  hqI- 
phurie  acid.  The  reactiou  from  which  il  arises  ts  expresiied  bj  the 
foUowiag  equation : 

c.iT,o,+nci=c;H.ci+2no. 

Chlorohydric  ether  may  alpi>  he  prcpnred  by  heating  in  a  flask 
a  mixture  of  alcohol  itt  0.8*)  and  concentrated  chlorohydno  acid 
of  commerce  ;  the  gas  being  first  passed  through  a  wastung-bottle 
containing  wati^r,  and  then  through  a  necond  containing  concentrated 
sulphuric  acid ;  both  bottles  being  kept  at  a  temperature  of  OS"  or 
77°.  It  may  also  bo  procured  by  introducing  into  the  flask  12 
parte  of  Ht-s-snlt,  and  then  adding  a  mixture  of  I  part  uf  Hulphurio 
acid  and  5  parLi  of  alcohol.  Jf  the  temperature  of  tlie  laboratory 
exceed  .'>9°,  the  ether  may  be  collected  in  the  gaseoas  state  in  bell- 
glaflses  over  mercury, 

Chlorohydrio  ether,  at  a  low  temperature,  is  &  colourless  liquid, 
of  a  bharp,  aligbtly  alliacoouH  emcU ;  and  its  dcneity  at  Si"  is 
0,291,  while  it  boiU  at  CA.i't'^  under  the  ordinary  pressure  uf  the 
atiDOf^pbere.  It  should  be  preserved  ia  a  veeecl  the  neck  of  which 
is  hermetically  sealed.  It  diwolves  In  50  parts  of  water  at  82°, 
and  mixes  with  alcohol  in  every  proportion.  The  density  of  ita 
T»pour  is  2.23.^,  and  its  equivalent  C  IIjCl  corre«pontl*  to  4  volumes 
of  rapour.  Aqueous  alkaline  solutions  decompose  it  slowly  into 
alcohol  and  chlnrohydric  at^id,  the  decomposition  being  immediate 
if  the  alkali  is  diFHolvcd  in  alcohol. 

Chlorohydrin  cthrr  combines  with  sCTcral  mctiillic  chloridee,  and 
its  compoumln  may  be  regarded  is  compound  ethers  of  the  uiuiple 
ether.  It  ia  largely  soluble  in  pvrchloridc  of  tin,  and  »  definite 
compound  in  the  form  of  acicular  crystaU  Hoparatcs  from  it.  Per- 
cfaloride  of  antimony  also  forms  a  crystallino  compound,  but  venr 
soon  reaction  onsuca  with  the  formation  of  protoclilorido  of  anti- 
mony. Chloroliydric  ether  alfio  combines  with  scsquiuhlorido  of 
iron ;  but  all  these  compounds  are  destroyed  by  water,  ond  the 
cblorohydric  ether  agaiu  bocomoa  free. 

Chlorohydric  ether  is  freely  absorbed  by  anhydrous  sulphuric 
add ;  a  liquid,  fuming  in  the  air,  atid  readily  decomposed  by  boat, 
being  formed. 

Srornohtfdric  Ether  C,H,Br. 

{1SS8.  This  ether  ia  prepared  by  placing  in  a  tubulated  retort, 
fbniisbed  with  itn  rccrivcr,  1  part  of  phospbonw  and  40  purt«  of 
alcohol  at  0.8.%  and  then  adding,  drop  by  drop,  through  the  tuba- 
lorc,  T  or  8  paiis  of  bromine.     By  the  reaction  of  the  hromino  on 
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solution  of  sutfhjdrate  of  sulphide  of  potaniom  KS,HS,  and  be 
dtfttiUod,  ft  much  more  rolatilo  liqui^I  is  obtained,  the  oomposition 
of  which  is  represented  by  C,H,S, ;  and  which  is  therefore  atfiohol 
C.UgO,  irith  2  cqiiiv.  of  aniphur  Huhi«ticnl«d  for  2  onniv.  of  oxygen. 
It  mav  be  cnlled  auifhydric  aU-oholf  and  it8  formma,  may  also  be 
written  O  HjS,HS,  repanling  it  ne  a  compound  other  of  RulfhjAric 
cthiT  C,li,&.  It  iioA  been  called  Jitercaptan,  un  account  of  iUi  pro- 
perly of  combining  with  oside  of  mcrcurv,  (mift-urium  capiant.) 

Tliia  compound  is  also  obtained  by  tii^tttling  in  a  waler-bath  a 
miitaro  of  a  solution  of  i^lf  hydrate  of  xiilphido  of  potassium  and  a 
couM&trated  solution  of  eulphovioate  of  lime.  The  receiver  ebould, 
in  all  cawes,  be  cooled,  b«c!Liue  the  product  is  very  volatile: 

KS,HS+CaO,(C,H.0,2S0,)=C.H,S,HS+KO,S0.+CaO,S0.. 

Tbe  substance  in  freed  from  a  small  quantity  of  sulf  hydric  acid 
by  difitilling  it  over  red  oxide  of  mercury. 

Sulflijdric  alcohol  is  a  colouvlew  litjuid,  of  very  (Usogrcenble  and 
pcQvtrating  alliaceous  smell :  its  density  i»  0.84  ;  it  solidificB  at 
mboat  — T.o",  and  boils  at  +S)6.8°  ;  tho  density  of  ita  vapour  being 
2.14,  BO  that  itit  equivalent  C^H^SjHS  is  represented  by  4  vottunoa, 
like  that  of  alcohol. 

Sulf  hydric  alcohol  form*,  with  the  metallic  oxides,  compounds  in 
which  the  hydrogen  of  the  anlfhydric  acid  is  replaced  by  1  equir. 
of  metal,  and  tbeso  compound.''  have  been  called  mertmpliiiet.  Tho 
most  interesting,  on  account  of  the  facility  vritb  which  it  ia  pro- 
duced,  is  tho  mereaptide  of  mercury,  which  may  be  called  tu^ha- 
rnercurk  alcohol.  In  order  to  prepare  it,  an  alcohoUo  eoluUcHi  of 
sulf  hydric  alcohol  is  gradually  poured  upon  red  oxide  of  mercury, 
when  they  combine  with  elevation  of  temperature,  vhilc  a  white 
substance  is  formed,  ft  is  dissolved  in  boiling  alcohol,  and,  oa 
cooling,  separates  into  whito,  p4>arl-Uko  upanglcH,  of  which  the  for* 
mula  U  C,H,S,IIgS.  This  suMance  melts  at  about  185°,  and  de- 
composes above  248°.  Treated  with  Rulfbydrio  acid  it  yields  sal- 
phide  of  mercury  and  anlfhydric  alcohol. 

If  sulfhydric  alcohol  be  poured  into  an  alcoholic  solution  of 
acetate  of  lead,  a  yclbw  crystalline  precipitate  of  eufyhoptumiia 
aJeohcl  C^H,S,rhS  is  formed. 

Wben  sulfhydric  alcohol  is  heated  with  potas«ium,  hydrogen  ia 
disengaged,  anil  a  aulpfiopotauio  alcohol  CJl^SjKS  is  formed: 

C.U,8,HS+K=C,H.S,KS+H. 

A  solution  of  the  product  in  alcohol  yields,  on  evaporation,  n  whito 
gninalar  substance ;  and  the  salt,  when  treated  with  acids,  yields  a  salt 
of  potasea  and  t^ulfbydrie  alcohol.  ^Vheu  mixed  with  iin  aloohoUo 
solotioQ  ofcliluride  of  mercury,  sulphomcrcuric  alcohol  i»  formed.* 
By  distilling  a  concentrated  solution  of  2  parts  of  pcntasul- 
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pliide  of  potasMum  KS,  with  3  parU  of  snlplioviiiBta  of  lime,  irat«F 
and  a  peculiar  cthorinl  lifjaid  pass  over,  by  wi^hinp  which  -  '-*— 
wftlcr,  ami  iliKlilliiij!  it  over  chloride  of  calcium,  a  liquid  n 
of  a  very  tlina^cc-ablc:  alliaceous  odotir,  boiling  at  30S.8**,  and 
which  the  formula  is  C,1!,S^ 

Or  benting  nn  excess  of  salfbydric  alcohol  ivith  dilute  nit 
acid  the  liijuor  becomes  red,  from  the  production  of  a  cot 
qoantitj  of  deutoxidc  of  nitrogen  wbioh  diasolvea  in  it,  but  it  le 
its  colour  when  heated,  and  aiter  ^ome  time  an  oleaginous  MtfoA 
separates  from  it.     Nitric  acid  is  gradually  added,  until  the 
hydric  alcohol  is  entirely  decompoi-cd ;  after  which  the  li(|uid 
diluted  villi  water,  and,  after  having  washed  the  olcoginoas 
Btauee  aevoral  timoa,  it  is  di&tilled.     This  new  suliatance  is  vitho 
colour,  of  an  extremely  disagreeable  odour,  of  the  density  l.i 
and  it  boihi  at  about  'ZGii°,  but  not  without  alteration.     lu  coi 
position  is  reprewDted  by  the  formula  C^II,S,SO, ;  and  it 
therefore  he  a  compound  ether,  formed  by  the  combination  of  so 
bydric  ether  with  sulphurous  ncid. 

When  the  action  of  dilute  nitric  acid  on  sulfhydrio  alcohol 
prolonged  until  the  oxidising  action  cea^e^,  nn  acid  compound 
obtaineil,  which  forms  cryHtnUir.ahle  salts  with  bases;  and  from 
analyses  which  have  boon  made,  the  formula  of  the  salt  of 
would  he  BaO,(C,n,S,OJ-MI0. 

§  lyOS.  If  chliirohydric  ether  be  passed  through  an  alcohol: 
solution  of  smlplincnrbnnate  of  sulphide  of  potassium  KS,CS„ 
tulpkocarfionic  ether  C,lI,S,CSa  which  corresponds  to  carbuc 
ether  CJT,0,CO,  is  formed.  After  having  allowed  the  sul 
to  act  for  some  time,  the  liquor  is  heated  to  drive  off  the  excess  i 
chlorohydric  ether,  and  it  is  treated  with  water;  when  a  liquid  ( 
an  alliaceous  smell,  heavier  than  water,  separiLtes  from  it,  wbifl 
new  substance  is  sulphocnrhonic  ether  0.n^S,CS,. 

A  tulphoet/anohifdrif  fthf.r  C,IIjS,C„NS  is  obtained  by  dist 
ling  a  mixture  of  equn.1  parts  of  !>u]phovinatc  of  time  and  nulpli 
cyanide  of  potassium,  both  in  concentrated  solution.     Thcprodo 

Surified  by  washing,  and  then  by  distillation,  is  a  colourless,  re 
mpid  liquid,  of  the  density  1.020,  boiling  at  204.8^     Its  eqnii 
lent  is  reprosenbed  by  4  vofumfts  of  vapour. 

Selenohifdric  £ther  C,lI,So. 

§  1364.  It  is  obtained  by  di«til1ing  Milenido  of  potasetum' 
sulphovioate  ofpotassu;  but  its  propcrlicn  arc  litUc  known. 

Tdlurohydric  Ether  C.H.Te. 

§  1365.  By  projecting  tclluride  of  potasflium  into  a  hot  »oluti<] 
of  Bulphovinate  of  baryta,  and  then  distilling,  a  liquid  is  ohtain< 
of  a.reddisb-yellow  colour,  bearicr  than  water,  very  poisocoua. 
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which  boils  above  212°.  It  is  tellurobydric  ether;  &ad  oxidixes 
alowlj  in  the  air,  depofitting  tellaroiis  acid. 

PR0DCCT3  OF  TOE  OXIDATION  OP  ALCOnOL  AND  ETHER. 

§  1866,  When  alcohol  and  ether  are  subjected  to  a  very  powerful 
oxidixing  action,  they  are  completely  comtumod,  nnd  oanverte<l  into 
water  and  carbonic  acid;  while,  when  the  oxidizing  action  is  lesa 
powerful,  they  are  oonvertcMl  into  acetic  acid  C,II,<\,nO,  in  which 
c«s«  they  loee  2  equiv.  of  Iiydroj:en,  which  form  water  with  2  equiv. 
of  oxygen  given  off  by  the  oxidizing  Babstnnce,  while  the  2  equiv. 
of  hydrogen  are  replaced  by  2  e<jiuv.  of  oxygen,  aUo  giTcn  off  by 
the  oxidiiing  reagent.     We  thtu  bare 

C.H^O  +40=C.H.0„H0+H0, 

or  o.H,o,no+40-c.ii,o„no+2no. 

Whon  the  oxidizing  action  is  still  more  feeble,  it  is  limited  to  the 
kbatractioD  of  a  siiiglo  cquiy.  of  hydrogen,  and  tu  its  replaccmuat 
by  1  oquiv.  wf  oxygen,  whit'h  furnishes  aldehyde  C,I1,0„  according 
to  the  formulae 

c,n,o+2o=c,n,o,+HO, 

and  C,H,0,HO+20=C.H^O.+2HO. 

Aldehtjile  C.H,0,. 

S 1867.  AldcbTdo  is  formed  ondcr  a  number  of  circiimstuicos,  ia 
which  alcohol,  eclior,  and  the  compound  ethers  are  subjected  to 
oxidizing  ngencics ;  while  tbc  best  method  of  preparing  it  consists  ia 
distilling  ill  a  retort,  at  a  gentle  heat,  a  mixture  of  G  parts  of  con- 
coDtrated  Bulphuric  acid,  '1  parts  of  wntor,  '1  pa,rU  of  alcohol  at 
0.80,  and  G  parts  uf  finely  powdered  pcroxidv  of  muugancsc.  Tho 
retort  should  only  be  ono-third  filled,  bccRKRO  tho  mixture  swells 
cou^ideraljly  during  tho  operation ;  and  a  cooling  apparatus,  through 
which  very  cold  water  passes,  and  a  receiver  surrounded  by  a  ro> 
frigentiog  ouxturc  arc  fitted  to  the  retort.  When  the  reaction 
appears  to  be  Lermlniiled  in  the  retort,  the  liquid  whieh  condeneed 
in  the  receiver  ia  withdrawn  and  distilled  at  two  different  times 
over  an  equal  weight  of  chlurido  of  calcium.  The  liquid  obtained 
is  composed  of  sUichydc,  a  email  audbtity  of  alcohol  and  water,  and 
ftceiio  and  formic  ether.  In  arder  to  obtain  the  aldehyde,  it  ia 
poured  into  ether  saturated  with  ammoniaool  gna ;  when  whito 
crystals,  consisting  of  a  combination  of  aldel^do  and  amuooia 
Ntl,,C,H,0,  are  sepnrnted.  The  crystals  aro  dissolved  in  their 
own  wi'ight  of  water,  and  the  solution  is  introduced  into  u  retort 
furniiihod  with  a  receiver  cooled  by  a  rpfrigeratiug  mixture,  while 
fulpliurio  acid  diluted  with  its  volume  of  vialer  is  puur<:d  throogh 
the  tubnlure.  On  distilling  it  over  a  water*ttath,  a  liquid  is  ob> 
tatnod  which,  when  diatiUed  over  melted  chloride  of  otlcium,  yieldi 
pure  aldehyde. 

Vol.  U— 2  V 


M2 


TRANSF0RMATI0X8  OP   AIXH)1I0L. 


Aldehyde  is  a  coIour!w«,  7wy  limpid  liquid,  of  n  saffoearing 
odour,  and  its  denwty  in  0.790  at  64.4*.  while  it  boils  at  71.8*",  tl 
dflnBitj  of  its  vapour  being  1.479,  and  iw  cfl[oiTaIcnt  C,H  O,  there 
fore  corresponding  to  2  toI.  of  vapour.     It  diasolrc^,  in  all  propc 
tioDfl,  in  water,  alcohol,  and  ether,  huma  with  a  white  Dame,  ai 
BzertB  no  action  on  vegetable  colours.     Aldehyde  readily  absorb 
oxygen  from  lie  air,  particularly  in  the  prwonee  of  water,  aod  " 
conrcrtcd  into  acctie  acid,  which  truusi'omiution  it  cfTccted  by 
oxidising  agenta :  tlios  oxide  of  silrer  is  reduced  by  a  solution 
aldehyde,  the  metallic  silver  adhering  to  tL&  sides  of  the  Te««el  idI 
covering  tliem  with  a  glittering  coating;  and  nitralo  of  silver  [ 
duces  the  game  effect  if  a  email  quantity  of  ammonia  be  sddc 
Alkalies  dccoropoBC  aldehyde,  forming,  together  with  other  product 
a  brown  resinous  matter,  which  reaction  is  often,  indicated  as  ' 
characteristic  of  nlJeliyde. 

Pure  and  unhydroui;  al'lohyde,  preeeryed  for  some  time  in  a  tnl 
hermetically  cltwed,  undergoes  isomeric  modificatioiii*,  differing 
oordiiig  to  the  temperature.     At  32°  it  is  converted  into  a  cr 
line,  colaurlciv!,  and  trnnKprLrcnt  substance,  witicb  melta  at 
and  boUs  nt  201.2'*.     Th«  density  of  its  vapour  being  three' 
greater  than  that  of  aldehyde,  its  formula  may  be  nasumed 
C„n„Oj.     It  has  been  ealli'd  elaldehifile.     If,  on  tlie  contrary,  ti 
external  temperature  ran^fr  from  W"  to  68°,  elongated  piisiD: 
cryiitnl^,  which  dnatly  lill  the  tube,  are  developed  in  the  aldelii 
and  which  volatilize  at  248'^  without  mcltin;*.     This  second 
ric  inodificalion  of  aldehyde  hns  been  called  metaldeht/dtj  and 
deasitT  of  its  vapour  is  unknown. 

Altfehyde  is  also  formed  whenever  alcohol  is  bnniwl  imp«rf« 
in  contact  with  the  air;  for  example,  when  that  liquid  is 
upon  mi?Inllic  plates  heated  to  482°,  or  when  a  wick  soak* 
alcohol  is  lighted,  and  cstinapiished  as  soon  as  the  greater  por 
of  the  alcohol  has  evaporated;  when  the  wick  is  carbonised^  and  ll 
small  qnantity  of  mpour  of  uloohol  which  comos  in  contact  with 
ignited  portions  ia  imperfectly  burned,  and  yields  aldehyde,  which  i 


known  bv  it«  suffociiting  smell.     A  large  nmintlty  of  aldehyde  , 
aim  produce4l  in  the  experiment  of  Davy's  uiimetcss  liimp,-(§  1169(] 

"Whpn  chlorine  is  passed  through  diluted  and  cold  alconol.  chlor 
hydric  acid  and  aldehyde  onlv  are  formed,  the  chlorine  llicn  oxer 
ing  an  oxidi/ing  agency  on  tte  alcohol,  by  deeomposin^  the  watJ 
and  combining  vrith  its  hydrogen :  C,U.0,U0+2C1+  I10=2HC1- 
C,H,0,. 

Acetic  Acid  C^Ufi^UO. 

§  1S08.  Alcohol,  when  pore,  or  merely  dilated  with  water,  do 
not  combine  with  the  oxygen  of  the  air,  while  the  cnmbination 
readily  effected  in  the  presence  of  oortain  frabstanoes  the  chemie 
elements  of  which  do  not  interfere,  aa,  for  example,  very  finely 
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vitteJ  pUtinma,  vhicix  metal  msy  cause  the  oxidation  of  a  larce 
quantity  of  alcohol  at  th<>  expense  of  the  oxygen  of  the  air.  In 
order  to  perfono  the  experiment,  a  capsule  u  (fig.  678)  containing 
{  pUtinnm-blaclc  w  placed  oa  a  plate,  and  the 

capeute  'a  covered  vith  a  l^rgc  bcU-gtut»  hav- 
ing an  opening  o  at  the  top,  and  which  R>«it8  on 
three  small  wooden  vedgos.  to  allow  the  air  to 
enter  from  benenth ;  anil  fiodlly.  a  funnel  6 
hann);  a.  lonj;  and  delicate  neck  /"  is  introduced 
into  the  opening.  Ity  pouring  alcohul  into  the 
funnel,  the  liijuid  drops  on  the  platinum  eon- 
tflined  in  the  capsule,  and  while  a  slight  elew 
Fig.  C 1 8.  jj^j,  of  temperature  ensuea,  vapours  which  con- 

dense and  trickle  down  the  fiidea  of  the  glsiw  are  developed  therein. 
The  liquid  thtui  fnrmed  ou  the  bottom  of  the  plate  is  nearly  pure 
acetic  acid  ;  but  there  is  produced  at  the  same  time,  1st,  a  certain 
quantity  of  aldehyde,  easily  recognised  by  its  smell ;  2dly,  a  pecaliar 
eubfltance  called  aatal ;  and  3dly,  a  emaU  >c(aantity  of  acetic  ether, 
ariaing  from  the  reaction  of  the  acetic  acid  on  the  undocompoeed 
ftleohol. 

If  tlio  acid  liriuor  be  saturatotl  with  chalk  and  distilled^  there  is 
obtained  in  the  receiver,  water  holding  in  boIuUod  aldehjrde,  acetic 
«thrr,  iinil  ncctal.  If  tliis  ncwlitjuiJ  be  digt-stcd  with  its  own  weight 
of  chloride  of  valcium,  the  tatter  comhines  with  the  water  and  acetic 
acid,  and  etherial  liquid  Hcparatea,  which  is  again  dietilled,  the  first 
pOTtions  which  pass  over  being  rejected,  hecau.ie  they  contain  a  large 
amount  of  aldehyde,  while  the  last  portiona  ore  pure  acetal.  Acetal 
■8  a  colourlcKS  liquid,  boiling  at  lt)7°,  of  a  density  of  0.&44.  and  bo- 
lable  in  water  and  alcohol.  Its  compoaition  corresponds  to  tlio  for- 
mola  C„II^O^,  and  it  may  be  regarded  as  being  furined  by  the  aoion 
io  a  single  group  of  three  molecules  of  ether,  one  of  them  having 
been  modifi^,  under  the  oxidising  influence,  by  the  substitution  off 
equiv.  of  oxygen  in  th«  plaooof  lequir.  of  hydniKon,  3C.H,0-(-20» 

S  1309.  The  oxidatiou  of  alcohol  nt  the  expense  of  the  oxygen 
of  the  air  h  also  effected  by  orgimic  fcnnentg,  and  in  general  by 
all  albuminous  aubBtancea,  upon  which  mTsterioua  action  is  based 
tiie  oonvcrsioD  of  spirituous  hquor^  into  vmegar,  that  i»  to  say,  into 
acetic  acid.  Winos  of  certain  vintages,  rich  in  nlhuminous  matter, 
Boon  turn  sour  iu  the  uir,  and  become  vinegar;  which  change  new 
wine»  undergo  much  more  rapidly  than  the  old,  because  the  latter 
on  freed  from  albuminous  substances,  which  cotgnlate  and  fall  to 
the  bottom  of  the  barrel ;  and  therefore,  in  order  to  make  them  fer- 
raent,  they  nnist  be  diluted  with  a  sninll  quantity  of  water  and  be 
exposed  to  the  air.  Wliat  has  jiuit  been  said  of  wines  is  equally  ap- 
plicable to  other  alcoholic  linaora,  and  even  to  aolntiona  of  sugar 
mixed  with  yeast  and  exposed  to  the  aii*.    During  tlie  acid  ferment- 
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alioc  of  alcoholic  liquors,  a  mncilaginotis  8iib«t«.Qcc,  vhich  gT«»U] 
afsisU  tliij  fermentutioD,  ia  separatutl,  and  vhicli,  consiatiiig  cbicflj 
of  111  bum  i  no  UK  matter,  is  called  the  mother  of  iiinegar. 

In  onl&r  that  acotificatioQ  may  prof^efui  rnpidlv,  the  alt 
liquor  muHt  bo  snllicienlly  iliintctl  with  water,  and  present  a  li 
eurface  to  the  oxiilixiDg  action  of  the  air.     These  conditions  ire  ful 
filled  on  a  large  »;ale  by  using  an  alcoholic  liquor  containing  I  par 
of  alcohol  to  8  or  9  parts  of  water,  and  adding;  al>oat  j^  of  ferment 
able  liquor,  euch  as  beet-juice,  potato-juice,  or  email  beer,  vhcn  tbdl 
liquor  thus  prepared  i»  dropped  into  barrels  (fig.  679)  filled  wilkj 
beech  sha rings.     The  lower  part  of  the  barret  is  pierced  with  fleve- 
ral  holes  d.  vm\\  the  upper  part  with  other  holea  i,  ft,  while  a  false 

bottom  nde  foiins  a  vat,  into  which 
the  alcoholic  liquor  is  ponrud.    Tli 
false  bottom  has  a  crcat  number  of  J 
boloa,  through  wliivh  pass  pieces  of] 
twine,  having  a  knob  on  the  end  tfl] 

;rDvciit  them  from  islipping  tbroa 
'he  alcoholic  liquor  flows  alons 
twine,  and  dropping  on  tbo  sbavmga^i] 
vjir'^'il*  Iriio  a  tliiu  la^-«r,  and  pre 
.  _'C  Blufaco  to  the  oxidi~ 
iion  i)f  the  air,  oxidation  beit 
I  by  means  of  the  ferment  coi| 
tftiiic'il  in  tho  liquor  and  tbo  ulbi 
Doiu  substances  in  the  wood,  wl 
the  temporatnre  rises  unti  produces  a  current  of  air  which  cnteniaii 
the  lower  holes  a  and  escapes  through  the  upper  ones  b.  Oxidatiou 
ia  so  rapid  that  whun  the  liqiud  reaches  the  bottom  of  tbe  ' 
it  fretjueiitly  no  longer  cunlainii  any  alcahol,  but  if,  after  one 
[inge,  the  alcohol  is  not  CHniplctelj'  coDVertei]  into  acetic  ucid,  it  il 
piuiAcd  ihruuf^li  a  livcond  time.     The  preeenoe  of  acetic  acid  itself^ 
oN^tstfl  the  Rcctic  fcrmoiitation,  for  which  reason  the  frc«h  sbaTin^ 
to  be  used  are  pruviuusly  left  for  some  time  in  couctntraled  vino- 
ear.     The  temperature  of  the  barrel  also  exerts  groat  inlluencOf  and,  i 
liTit  be  too  cool,  heated  alcoholic  liquor  must  be  added  to  bring  tb' 
temperature  to  between  86°  and  97°. 

The  acid  liquoni  t)ma  obtained,  which  conautute  common  tabti 
viiMgnr,  arc  diluco  solutions  of  acetic  acid,  containing  id  additiool 
the  non-fcrmeiituMo  principles  which  exist  in  alcoholic  liquora.] 
Pure  acetic  acid  ib  obtained  from  tbi»  liquid  by  distillation,  a  xerf\ 
weak  acid  fii-at  pa^uing  orcr»  while  the  following  portions  c<ODtai&| 
more  acid,  and  the  latter  ore  richer,  but  arc  genorallj  deteriorat 
by  the  product*  of  the  ilocompoeition  of  foreign  anbatancos.  T 
richer  liquura  uru  saturated  with  carbonate  of  soibi,  and  cry»tJtlIli 
acetate  of  soda  ia  separated  by  cvaporatioiii  and  then  decotD| 
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bj  eulpburic  scid,  more  or  less  dilute,  according  to  the  desired 
strenplh  wf  the  acetic  acid. 

§  1370.  Acctio  ncid  is  nnw  laj^ely  obtained  from  the  »cid  liqoors 
obtained  by  the  distillatiitn  of  wood,  whirh  yields  very  complicated 
products:  carbonic  ncitl  gaa,  oxide  of  ciirbon,  nrotocnrbnrotted  hy- 
dro^en.  wnter  contaiDin];  acetic  acid  in  solution,  a  volatile  liquid 
called  gpirit  of  tfood,  some  othnr  (Soluble  fiiibstniices,  and,  lastly, 
a  black,  pitchy  portion.  The  sotntion  of  inipare  acetic  acid  is  called 
in  the  arts  w/roUgneQun  acid;  and  in  order  to  ttcparato  acetio  acid 
from  it,  it  iti  first  &aturatetl  with  chalk,  which  ftirnisbca  a  solution 
of  acetal«  of  lime  dt^compOHa^ble  by  Nu1plia,t«  of  notla,  acetate  of 
sod*  and  sulphate  of  lime  boing  formed,  which  latter,  being  but 
slightly  Kolublc,  ia  nearly  nliolly  dcpoiiiicd.  The  itoluiion  iit  era- 
porated  to  drynees,  and  the  residue  bested  to  400  or  480",  a 
temperature  wliit-K  docs  not  nlTcct  ihe  ttoctatc,'but  ducumpO(K«  the 
•Mpyreumatic  Bubslaneea  with  which  it  i«  mixed.  Throe  parts  of 
roaatctl  acetate  of  soda  bciog  then  treated  in  a  distilling  vessel  with 
9.7  of  sulphuric  acid,  the  first  third  of  thu  liquid  whicli  diatila  orcr, 
cvm-intinj;  of  a  wuiiktr  atetic  acid,  ia  ett  tiaide,  while  the  other  two- 
third*,  wiitch  art"  composed  of  very  concoLtrated  acid,  always  con- 
lain  a  suiuU  tjuaittitv  uf  sulphuric  auld,  iii  order  to  frvc  the  product 
from  which  it  h  dialdled  over  anhydrous  acetate  of  soda.  The  acotic 
M)d  thtui  obtained,  having  not  yet  reached  its  greatest  degree  of 
concentration,  is  exposed  to  a  low  temperature  by  surroundiug  with 
ice,  or  better  still  by  a  refrigerating  mixture,  the  tcmcU  contain- 
ing it ;  when  the  acid,  at  ita  maxirauui  of  concentration  C^HjO^HO, 
MtB  in  n  crvjitallioc  mass,  and  the  more  watci?  acid  is  decanted. 
The  ciyatallized  acid  \a  rcmelled  and  a^ain  cooled,  when  only  one- 
half  of  ihe  product  is  congealed,  and  the  li([uid  portion  beinc  de- 
canted oST,  the  eolid  acid  may  be  considered  as  having  attained  its 
mnximura  of  concentration. 

S  1371-  Acetic  acid,  monobydrated,  or  at  its  maximum  of  ccaiG«n- 
tration  C,H,0  J  !l_),  is  solid  at  low  temperatures,  but  melts  at  tJO.S**. 
The  acid  liquid  may  be  cooled  often  to  32"  and  below,  without  crys- 
tallizini;,  and  the  bottle  may  even  be  shaken  without  causing  crya- 
taltizatioQ ;  but  if  a  small  glass  point  be  introduced^  b  orystsl  is 
^iDuncdiaieiy  formed  at  tho  end  of  the  point,  and  the  whole  maan 
radtially  crystallizes ;  the  temperature  rapidly  rising  to  60.8**,  and 
lining  Btationary  until  the  solidification  is  complete.  The 
pdcuisity  of  monobydrated  liquid  ac4>tia  ncid  i»  1.06S  at  t>4.4%  and 
ltd  Hioell  \i  nharp  and  penetrating,  while  ita  taste  is  highly  acid; 
but  iti  thii  state  of  conpenl ration  it  eserts  a  rosicnting  action  and 
bliistcra  on  the  skin.  It  boib  at  248°,  the  density  of  ite 
ipoar  being  2.09 ;  but  it  is  necessary  to  measure  the  density  at  a 
Dry  high  temperature,  be«aase  the  vapour  of  acetic  acid  differs 
jnsiderably  from  the  laws  of  permanent  pases  at  temperatures 
rUch  exceed  but  slightly  its  boiling  point,  (12:J-r)  The  equivalent 
"    1  8& 
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C^H,0-,HO  id  represented  hy  4  volnmeR  of  vapotir,  like  thai 
•Icohol. 

Acetic  acid  mixes  -with  vater  in  all  proportiotu;  and  for  tite  first] 
quantities  of  water  addod,  the  acid  liquor  acquires  a  drn^ty  greatetj 
tluD  that  of  the  monohviratoj  acid:  the  mBxtuiuiu  of  deasitif  which} 
correaponda  to  the  acid  CjU,0,  +  3H0  being  l.OT!'.  B/addiiig| 
larger »iuaiilitic5of  water  the  deiisiti,-  ilimiaJalics.  and  thcliydrui 
can,  therefore,  not  be  used  to  ascertain  the  slrcngtb  of  acetic  liQui<l»,| 

Chlorine  acta  powerfully  on  acetic  acid,  funning,  when  the  lattcf  J 
ie  in  the  inouohydrated  stale  C.H,0„HO  a  new  acid  C^CI^O^HC 
called  ehloraertic  acid,  in  which  tnc  hydropcn  «f  the  anLydroua  ad 
is  replaced  bj  an  efjuivnlent  (juontity  of  chlorine ;  while,  if  llic  aai 
itf  further  diluted  with  water,  the  chlorine  exert«  an  oxidizing  aclioaj 
by  decomposing  ihc  water,  and  the  acetic  acid  is  converted  into ' 
oxalic  and  then  into  carbonic  acid. 

Ordinary  nitric  acid  acta  but  feellj  oti  acetic  add,  eren  whea 
unstcd  by  heat.  ] 

S 1372.  Ac«tic  ncid  foriBB,  withboises,  a  numerous  serieti  of  salU^j 
Mvcral  of  which  are  applied  in  the  arts.     They  a»8  generally  soln 
ble  in  wat^r,  and  Home  diF«olvc  in  alcoliol ;  and  the  acid  forms : 
quently  Hpveral  salts  with  the  HaniR  base. 

All  tbe  acetates  are  decompo&cd  by  beat,  but  the  decotnpoaitk 
takes  place  at  very  different  temperatures,  and  its  products  raryj 
aooordinf;  to  the  nature  of  the  baee.  The  acetates  formed  by  th« 
easily  reducible  metJillic  nxides,  such  ns  the  oxides  of  nilvor  an4| 
mercury,  leave  a.  metallic  residue,  and  evolve  a  portion  of  tlieil 
acetic  ncid  unclmngcd,  while  another  portion  of  the  acid  is  oom-l 
plctcly  consumed  by  the  oxy^jen  ^vea  oS  by  the  metallic  oxide,  nnd] 
yields  water  and  carbonic  .acid.  The  acetaies  formed  by  the  roor^i 
powerful  ba^cs,  as  the  alkaline  acetate?,  leave  as  a  rendue  an  slka^J 
line  carbonate,  the  acf^tic  iicid  being  converted  into  a  neutral  roU 
tile  liquid  C,H,0,  called  aeetone^  or  pyroacetie  tpirit;  which  reactjo 
in  exprcsHcd  by  the  following  ctjuntion: 

NaO,C,H.O.=NaO.CO,+0,II.O. 

Acetates  fonwed  by  ba«os  of  medium  strength,  ai  oxide  of  li>i 
nndcrgo  a  complicated  decomposition :  unchanged  acetic  acid  at 
acetone  are  botli  disengaged  at  onoe,  while  the  carbonic  acid  ari« 
from  tho  portion  of  decomposed  acetic  acid  is  (Usongagcd  or  i 
combined  with  the  base,  according  to  tJie  t«mperatur«. 

Lastly,  when  the  metallio  oxide  of  moderate  Btrength  is  casil 
roduccd,  as  oxide  of  copper,  a  portion  of  the  acetic  acid  is  conmmc 
by  the  oxygen  of  tho  oside,  and  yields  carbonic  ncid,  while  ll 
rosiduoof  the  diatiJlution  is  composed  of  metal,  or  suboxide. 

Acetic  arid  forms  two  crystallixabto  erilt*  with  potassa :  tho  neutrt 
acetate  KO,C,H,0,  and  the  hit»iactate  KO.cXo»+HO,C^H,Oj 
tho  former  of  whicL  is  obtained  by  saturating  acetic  acid  by 
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boQKto  of  potassk  and  evaporating  the  liquor.  Th(>  salt  crystollizM 
with  difficulty  unci  u  eoluUc  in  water  uid  sloohol;  and,  if  it  be  dia- 
Bolved  iu  &n  excess  of  acolic  acid  and  cvaporati-d,  cr^tak  of  the 
tuiftc«t«t«  arc  obtuui«d,  which  is  dvliquvsccut,  uielta  ut  29S.4°,  and 
at  392'*  yieliis  monobvdratcd  acetic  acid,  furQishing  the  means  of 
prepdring  very  pure  ncid. 

Acetate  of  soda  NaO.C,H,0,+6HO.  It  has  been  »o«n  that  this 
salt  is  prepared  on  a  large  scale  in  tlic  mnniifaoturc  of  wood-vinegar. 
It  cryNlallizes  in  large  oolourleea  and  iranspnrent  prisms,  vbich  are 
often  remarkable  for  the  great  sharpness  of  their  faces.  It  haa  a 
cool  and  saltish  taste,  and  di^olres  in  3  parts  of  cold  fraicr  and  £ 
of  aloobol.  When  henlvd,  it  first  dismlrcH  in  itn  water  of  erystalliEa- 
tioD,  but  soon  parts  vith  it;  witile,  if  furtlicr  htated,  it  undergoes 
igneous  fiujon  without  decomposition,  which  begins  to  eaaue  onlj 
at  a  degree  of  heat  approaching  a  dull  red. 

Acetate  of  ammonia  {NTI„IIO),C,H,0„  which  i«  obtained  by  llip 
direct  combination  of  ammonia  with  acetic  acid,  is  very  soluble  in 
water  nud  alcohol,  and  in  need  in  medicine.  When  boiled,  it  loses 
a  portion  of  its  ammonia  and  is  oonvcrtod  into  hinaeetate. 

Acetate  of  banjta  lIaO,C^II,0.+  3IIO  f'lmut  brilliantly  whit« 
prismatic  crystals,  which  readily  part  with  2  equir.  of  water  at  a 
slightly  elevated  tcm|icrature. 

Acetate  of  lime  produces  only  confused  cryalalUzations,  resem- 
bling cauliflawors. 

AeettUe  of  atumitia  is  prepared  by  pouring  a  solution  of  sulphate 
of  alumina  into  a  Holutinn  of  acetate  of  baryta  or  lead,  until  no 
precipitiitt>  is  tlirowii  down;  and  the  solution,  which  then  coutains 
acetate  of  alumina,  is  used  in  dyeing.  In  order  to  separate  the 
salt  from  it,  the  liijuur  muitt  be  wup'jrated  in  vacuo,  because,  wtivn 
heated,  acetic  acid  is  disengaged ;  when  the  aectnte  of  alumina  rc- 
maina  in  the  form  of  a  gummy  mass,  without  any  appearance  of 
OTStatlixation. 

The  properties  of  the  acetates  of  lead  and  copper,  which  are  of 
important  application  in  the  arts,  hare  alreiuly  been  enffieiently  de- 
tailed when  treating  of  those  tuetaU. 

When  coneeiuralcd  acetic  aeld  is  poured  into  n  boiling  .lolution 
of  aubnilrate  of  mercury  IIgjO,NO„  anhydrous  white  crystalline 
lamclL-e  of  tKltacetat*  cj'  mercury  Hg»0,C,n,Oj  arc  deposited  ou 
coeling.  Red  oxide  of  mercury  dissolvea  readily  in  acetic  wi,  and 
tbe  liijaid  yields  by  slow  evaporation  beautiful  colourless  crystals  of 
protoaeetaU  of  mercury  ngO,0,H,0,,  which  diiuolros  without  change 
in  cold  water,  but  on  boiling  deposits  perfectly  pure  red  oxide  of 
mercury. 

Acetate  of  silver  AeO,f^,lIjOj  is  obtained  by  di&solving  carbonate 
of  silver  in  acetic  acid;  and  as  it  itf  but  little  soluble  in  cold  water, 
it  may  also  be  prepared  by  doable  decompositioii,  by  pounog  nitrate 
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of  silver  into  a  solotion  of  sMtate  of  »oda.     If  the  liqaora  nro  coo- 
ceatra-led,  the  u:«tate  of  sUver  vt  ilepoBited  on  cooling. 

Aeette  Ether,  Qfifi^C^fi^. 

S137S.  Acetic  ether  U  formeil  by  thcdirect  reaction  of  aceticaoi^ 
on  aJcohol,  but  the  combination  is  effected  with  difficulty,  bocuise  ■ 
is  Decessary  to  tue  aiibydrouH  alcohol  nnd  ticetic  acid  at  its  maxirati 
of  concentjatioQ,  and  pour  back  ogaiu  into  the  retort  tlic  liqi 
which  hiu<  passetl  over  in  ditttilliLiion;  and  the  formation  of 
ether  is  much  more  rapid  if  10  or  15  p^r  cent,  of  tiulpharic  acaai 
added.  The  best  method  of  preparing  this  ether  cotui^ts  in  pou 
a  uixtui'o  of  7  p^rla  of  coiioentr&ted  sulphuric  acid  vith  tt  of 
eolute  alcohol,  or  10  parts  of  anhydrous  acetate  of  soda,  or  20 
of  acetate  uf  lead,  into  a  retort,  and  distilling  as  long  as  any  ethei 
liqaor  passes  over,  the  product  being  collected  in  ■  vell-rQoled: 
ceiver.  The  hcjuor  is  poured  upon  dried  pulverized  carboni*^ 
soda,  which  abstract*  tbe  creater  portion  of  wutcr  from  the  i 
ether,  and  combines  with  the  free  acetic  acid  wtiich  pafises  OTtt  i 
distJllaUoD.  l^ho  supernatant  liquid  stratuin  is  dvcauted,  &Dd  4A 
tilled  over  chloride  of  calcium,  which  takes  up  tho  alcohol ;  but  tt 
coRiplote  purification  of  acetic  ether  ia  very  difficult,  booawie  it  e 
hint's  with  chloride  of  calcium,  and  foruiB  a  orystaUine  compoi 
which  is  destroyed  only  by  the  addition  of  water. 

Acetic  ether  in  a  coiourleait,  very  mobile  Ii<|uid,  of  an  ngrecabUl 
ethcr-lilce  emcll,  and  of  the  density  0.^107  nt  Zt".     It  boils  at  1G5.3" 
and  tho  density  of  it*  vapour  ia  2.920,  iia  equivalent  C^H,0,C,H,( 
being  therefore  reprc«entcd  by  4  volume  of  vapour.     Ix  numi 
all  proportions  with  alcohol  luid  ether,  uud  dissolves  in  7  pauti ' 
water.     It  is  iwcd  in  medicine. 

Sulphacitic  Acid  C.H^O,,2S0,. 

§  137J.  By  bringing  into  contact  anhydrous  sulphuric  acid  aul] 
monohydrated  acetic  acid  C^H,0,HO„  tho  two  acids  combioo  and 
form  a  compound  acid.     The  liquid  is  diluted  with  water  and  BatU' 


rated  with  carhonato  of  baryta,  wlien  the  free  sulphuric  acid  fo 

(.■  Hulpliatc  of  barrta,  whi 
soluble    sulphiicclate    of   baryta.     The   liijuor,    when    ev.ipornteiI. 


iiisulubk-  Hulphatc  of  tmrrta,  while   the  nulphacctic  acid  yields 


affords  cryMtft-ls  of  the  formula  2U»0,(C,_II,0,,"-'SO,)+UO.  and  whifh 
part  with  (heir  water  without  decompowtion.  If  the  baryta  Us  pnt- 
cipitaled  from  sulphacctflto  of  baryta,  by  sulphuric  acid  potUMHl  in 
by  dropii,  or  if  a  eolation  of  sulpbacetate  of  lead  bo  decompoMd  t^ 
8u1f  hyaric  acid,  an  acid  Itauid  ro-sutts,  which  on  evaporation  yi«w 
deliquescent  cryiitals,  mcltiug  at  143.6",  and  solidifying  in  a  ctya- 
talline  maas  on  cooling.  At  a  more  elevated  icmporature  Uw 
salphaeotie  acid  is  dccompoacd. 

Crystallized  sulpliacctic  acid,  placed,  in  vacuo,  over  anfaydroQ* 
phosphoric  acid,  gives  off  oac  equivalent  cf  water,  and  then  u&sumca 


ACBTCKB. 


W9 


Am  fornuk   C«n,0„SS0,+2H0;   the   2  eqniTale&tt  of  vster 
lAidL  it  reteins  b«iDg  1>H«ic 

Acetone  C^O. 

{ 1875.  It  hsfi  bepn  said  (§  1 372J  that  tho  alialinc  acetat«w  yield 

^lMetonc  wKcD  they  ore  decomposed  Ity  lieat;  but  tlic  test  method 

of  preparing    it    coiisiels    iii   boiitiiig   a    iiiUtDre    of   2   kJJog.   of 

Bcetatc  of  lead  "nith  1  kilog.  of  finely  powdered  (juicklime,  in  un 

leartlien  retort,  or  in  tlio  iron  bottloa  used  for  the  trausportatioa 

inercury ;  tbo  temperature  being  gradually  raised  to  a  dull  red- 

Thc  liquor  condeaaed  in  the  receiver  is  rectified  over  chloride 

of  calcium,  and  then  allowed  to  reet  for  scvcTftl  d«T9  on  mcllod 

cliloride  of  caleium;  after  which  it  is  distilled,  the  first  }  only  of 

the  prrtdiiet  being  collwted,  while  the  other  fourth  contain^  bO(>ides 

,B  still  Ittrgequanttljof  acetone,  a  coneidenilile  quuiitity  of  a  peculiar 

•ubBtanoe,  boiling  at  248*,  and  which  has  been  called  dumaiin. 

Acetone  is  a  very  mobile,  colonrlcss  liquid,  of  a  peculiar  o^our ; 
and  its  density  is  0.792,  while  it  boils  at  132.1",  the  density  of  its 
vapour  being  2.022;  so  that  its  equivalent  CiH.O  Is  repreaentud 

»by  2  volumes  of  vapour.  The  formula  of  acetone  may  be  written 
QH,0,  or  CglijOJIO,  in  Tchich  case  its  couivalcnt  is  represented 
by  4  voliimt's  of  vapour  lilto  that  of  alcohol.  It  bums  with  a  bril- 
liiuit  flame ;  and  ia  soluble  in  all  proportions  la  water,  alcohol,  and 
ether,  while  chltHrtde  of  calcium  and  caustic  potass^  readily  alwcracl 
its  water. 
1 187<I.  On  mixing  acetone  with  twice  il«  weight  of  concealmted 
•ulpliuric  acid,  heat  is  evolved,  and  the  mixture  turns  brown,  while 
the  nncll  of  siilphiironB  acid  is  perceived  at  the  same  time ;  and  if 
the  liquor  ho  then  diluted  with  water  and  Niturated  with  carbonate 
of  baryta,  insolnblc  sulphate  of  baryta  is  separated,  and  a  soluble 
salt  of  ban,'tii,  wlucb  crystallizes  in  pearly  lamella?,  is  obtained. 
The  formula  of  the  ealt  is 

2BaO,CC,H,0,2SO,)+HO; 

its  equivalent  of  water  being  removed  by  drying. 

If  the  acid  liquor  he  Baturated  with  carbuuate  of  lime,  a  salt  of 
lime  is  obtained : 

2CaO,(C.n.O,2SOJ+HO. 

If  a  jfmaller  quantity  of  sulphuric  acid  bo  need,  for  example^  by 

^treating  two  volumes  of  acetone  with  1  volume  of  sulphuric  acid,  a 

solttbte  salt  of  baryta  is  still  obtained  by  mtorating  with  cnrbonste 

of  hvyta^  but  which  coutoius  only  one-half  of  the  Hiilphuric  acid  of 

dw  preceding  acid,  fln<]  only  1  equivalent  of  base.     The  formula  of 

Itliiiflalt  is  BaO(C,H,0,SO,UHO. 
%  1377.  By  diatitling  2  volumes  of  acetone  and  1  volume  of  sal* 
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S1881.  By  distilling,  in  a  retort  furnished  with  a  receiver,  a 
tnixtnre  of  ecjual  porta  of  auhydrous  dcetute  of  pottuum  and  arriciiuoiw 
acid,  a  li()uid  product  is  obtained,  cnUcd  at  £mt  Cadet's  lii/uid,  then 
alcartin^  and  lastly  oxide  of  cacodgl;  and  vhiuh  ignites  when 
ex]>0Red  to  the  air,  and  poofte&ee^  many  other  remarkable  properties. 
The  cumpnsitton  uf  this  substHnce,  auppoecd  to  be  pure,  corresponds 
to  the  fonnulft  C\U,AsO.  It  bobavcs  in  its  chomical  reactions  like 
the  oxide  of  a  radical  G,H,A»,  playing  a  part  anHiogtmii  to  that 
^K  of  cyanogen,  and  ha«  been  called  eaeodyl.  This  radical  enters 
^V  into  a  great  nutnlier  of  other  compouDds,  mi  shall  jtrcsently  be 
described.* 

IIu  conscqaenco  of  the  facility  with  which  tMs  Bubetanco  changeo 
vrlieu  espoBod  to  the  air,  and  its  poisonous  action  on  the  animal 
economy,  great  caution  imist  be  used  in  preparing  it ;  and  the 
retort  should  be  hennotically  fitted  to  the  receiver,  which  muat  be 
{iumUbcd  with  a  tube  to  conduct  the  vapours  out  of  the  laboratory. 
At  the  close  of  the  operation  the  receiver  contains  3  slnita  of  ]if|uia; 
the  middle  one,  which  ia  brown  and  of  an  oleaginous  consistence, 
coneiats  of  imptirc  oxide  of  cacodyl,  and  »  decanted  by  means  of  a 
■inhon  filled  with  water,  and  conveyed  to  the  bottom  of  a  bottle 
filled  with  boiled  water.     It  is  shaken  severaJ  times  with  the  water, 
[Which  \i  tlien  potived  off  and  replaced  by  alcohol,  whitih  disBoIvee 
[the  oxide  of  cacoilyl.     By  pouring  the  alcoholic  solution  into  boiled 
iVater,  the  oxide  of  cacodyl  is  again  precipitated  in  the  form  of  a 
liquid  layer  at  the  bottom  of  the  bottle;  ouu  the  supernatant  water 
.being  rapidly  removed,  the  access  of  air  m  prevented  by  a  rapid 
|(  current  of  hydrogen  which  ie  passed  into  the  bottle.     The  latter  is 
then  closed,  after  having  introduced  intu  it  chloride  of  calcium  in- 
toDcIed  to  absorb  the  water  and  alcohol ;  and  the  liquid  is  first 
ieeanted  in  a  tubulated  retort  traversed  by  a  current  of  hydrogen, 
'aod  to  which  a  receiver  is  fitted;  and  is  then  distilled,  still  keeping 
op  the  current  of  hydrogen,  when  pure  oxide  of  cacodyl  is  obtained 

Pu  a  coloarlcss,  very  lluid  liquid.  It  liog  a  strong  and  very  diaa- 
^eeable  smell,  is  very  poisonous,  und  it«  density  is  1.4G.  It  soU- 
oifiea  at— 9.4",  and  bojJs  at  about  302°,  the  density  of  its  vapour 
i|>eing  7.8,  and  1  volume  of  the  gaseous  substauoc  tbcrcforo  coaast- 
bgof 

2  vol.  of  vapour  of  carbon O.riRS 

6    '*        hydrogen 0.662 

}    **       vapour  of  arsenic 5.186 

\    "        oxygen 1.688 

7.977 
Plud  its  e(piivalent  C,H,AbO  is  rsprceented  by  2  volumes  of  raponr. 

*Ttie  tUicoverjorcBcodyl,  ud  th«  muterlj  inTtsUgatian  at  all  tbc  conpoandt 
of  this  radical,  U  nholly  duo  to  Robert  Budkil —  W.  L,  P. 
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The  chemical  reAction  wtuch  produces  it  is  represented  bj  t3]« ' 
following  oqaatioD : 

2(K0,C,U,0.)+A80.-2(KO,CO,)+2C0.+C,n^O. 

Oxide  of  cacodyl  is  insoluble  in  water,  but  it  dissolves  largely  in 
alcohol  iind  ether.  It  dissolves  phoephonu  And  sulphur  without 
any  change,  while  chlorine,  bromine,  and  iodine  decampo?e  it 
rapidly,  ft  combines  with  aahjdroua  sulphuric  acid  and  forms  a 
crj6lalline,  dcliijuescent  compoimd,  which  dissolve  id  wat«r,  jiold- 
iDg  an  acid  liquid. 

By  ponrioj];  a  dilut«  solntion  of  corrosive  sublimate  into  an  alco- 
holic solution  of  oxide  of  cacodyl  u  white  precipitate  is  formed, 
which  is  a  simple  combination  of  oxide  of  cacodyl  with  cbloride  of 
nercary,  according  to  the  formula  C,H^aO,2IIgCl,  and  which 
diasolvca  in  boilin;;  water,  and  a}>uin  eopurates  from  it  in  crystals 
on  cooling.     Ilromidp  of  mercury  formd  an  analogous  compoord. 

Oxide  of  cacodyl  dissolves  in  several  acidn,  with  which  it  appean 
to  pla;  the  part  of  a  wealc  base.     By  addine  nitrate  of  eilvcr  to  a 
Bolution  of  oxide  of  cacodyl  in  nitric  acid  a  white  crystalline  precipb'i 
tate  is  formoil,  of  which  the  formula  is  3C\lI,AsO,(AgO,NOJ. 

§  1382.  Exposed  to  the  air,  oxide  of  cacodyl  becomes  heated  and 
iucaudeBcent,  its  combustion  beins  complete,  while  thick  vapoun  of 
arsenious  acid  are  formed.  But  if  cacodyl  covered  with  a  stratom 
of  water  be  exposed  to  the  air,  the  oxyccn  is  slowly  absorbe<l,  and 
ar&enious  acid,  a  pccidiiu*  ctheruil  mbstanco,  and  a  more  oxy* 
geuated  product  of  cacodyl,  cacodt/Uc  acid,  are  formed.  By  addiu 
s  Bofficicnt  quantity  of  water  the  cacodylic  acid  is  dissolved;  and 
by  evaporating  the  aolution  and  treating  with  boiling  alcohol,  the 
alcoholic  tquor  deposits,  on  cooling,  ciicodjiic  acid  in  colourlest 
cystals.  This  substance,  which  is  inodorouii  and  nearly  tastelees, 
does  not  change  in  the  air,  and  is  poisonous,  hut  lees  so  than  areo- 
niouf)  neid.  It  is  decomposed  at  446°  without  distilling ;  its  formula 
ia  C.HjAsO.+IIO;  and  it  combines  with  bases  without  yieldtng 
crystal! ixnblc  salt)).  Protochlorido  of  tin  and  phosphorous  aoia 
abstract  its  oxygen  and  restore  it  to  the  state  of  oxide  of  cacodyL 

§  1383.  By  distilling  with  highly  concentrated  clilorohydric  amd 
the  compound  of  oxide  of  cacodyl  with  chloride  of  mcroiry,  a  ehio- 
ride  of  cacodi/l  0  lI^AsCl  is  obtained,  which  should  be  brought  into 
contact  witli  chloride  of  calcium  and  quicklime,  and  then  redistilled. 
Chloride  of  cacoilyl  ra  a  colourless  liquid,  heavier  than  water,  of  a 
sharp  smell,  and  insoluble  in  water  and  ether,  but  soluble  in  all  pro- 
portions in  alcohol.  It  resists  a  temperature  of  —40**  without  be- 
coming i^olid,  and  boils  at  a  little  above  212%  its  vapour  becoming 
incandescent  in  contact  with  the  air.  Nitrate  of  sihcr  wholly 
abstracts  its  chlorine  and  reproduce-*  oxido  of  cacodyl.  When 
oxide  of  cacodyl  is  treated  with  gaseous  chlorobydcic  acid,  chloride 
of  cacodyl  is  also  formed,  but  a  portion  is  precipitated  in  combino- 
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tton  witli  the  iratcr  fonoed.  The  densitj  of  tbe  vapour  of  chloride 
of  cacodyl  Li  4.S6 ;  and  its  equivalent  corrcfpoads,  therefore,  to  4 
Tolumes  of  vapour. 

A  bromide  and  Iodide  of  cacodjrl  may  be  obtained  by  aimllar 
processes. 

Chloride  of  cacodyl  is  partially  decotaposed  by  contact  with 
water,  a  combination  of  3  eciuiv.  of  oxide  of  cacodyl  with  3  equiv. 
of  chloriilo  of  cacodyl  bcittg  formed,  irbich  is  Tolntile,  and  boils  at 
228.2",  the  density  of  ita  vapour  beinR  5.S5,  so  that  it  is  formed 
of  3  vol.  of  vapour  of  chloride  of  cacodyl  and  1  vol.  of  oxide  of 
cacodyl  without  coudoiisatioQ-  The  bromide  aud  iiAlide  of  cacodyl 
yield  eimitar  compounds. 

By  adding  perchloriile  of  platinum  to  an  alcoholic  solution  of 
chloride  of  cacodyl,  a  briek-rcd  precipitate  is  ol)taincd,  which  is^ 
probably,  &  simple  combination  of  the  two  eubstaucL'ti ;  while,  if  the 
liqaid  bo  boiled,  the  precipitate  is  redissolved,  and  yields  a  liquor 
from  which  neitht^r  the  plutiiiutu  nor  the  chloride  of  cacodyl  cau  be 
precipitated  by  reagents  which  commonly  pr<wlucc  that  efl'ect.  Thi» 
new  oompouud  is  a  true  base  which  forms  crystallisable  oompoiuids 
with  several  acids. 

§  1384.  A  BuiphiJe  of  caooAyl  C,H,A3S  is  obtained  by  distilling 
chloride  of  eacotlyl  with  sulfhydraio  of  sulphiilc  of  barium,  when 
eulfbydric  acid  ia  dJaen;^E;od,  while  water  and  the  sulphide  of 
cacodyl  pass  over  iu  ditttlllation,  the  latter  of  whieh  h  purified 
br  di^sting  it  over  chloride  of  valciam  and  carbonate  of  tcud,  aud 
t£en  digtillin;^  it  iu  a  current  of  hydru^n.  Sulptude  of  eacodyl  is 
»  colourless  liquid,  which  douti  not  fume  in  the  air,  is  bsolable  in 
water,  but  ronJiilT  soluble  in  alcohol  and  ether.  It  combines  di* 
rectlT  with  sulphur  and  forma  a  more  sulphuretted  compound, 
which  may  be  obtained  crystnlllwd  by  dissolviup  it  in  ether.  It 
rapidly  absorbs  the  oxygen  of  the  air,  and  then  forms  Hovcral  eom- 
pounds,  among  which  cacodylic  acid  is  observed.  Chlorobydric 
acid  dceiUDpoAeii  sulphide  of  cacodyl,  disengaging  sulf  hydric  acid, 
while  chloride  of  cacodyl  is  formed ;  sujphnric  and  phonpboric  acids 
also  decompose  it,  a  sulphate  and  pbatphate  of  oxide  of  cacodyl 
being  formed. 

The  density  of  the  vapour  of  sulphide  of  cacodyl  is  8.89,  and  its 
formula  therefore  corresponds  to  2  volumes  of  vapour. 

§1385.  Ctfonide-  of  eanodi/t  C^HjAsCy  is  obtained  by  distilling 
oxide  of  cacodyl  with  cyanide  of  mercury,  when*  oxide  of  mercury 
tcmains  in  the  retort,  while  the  cyanide  of  cacodyl  distils  over  and 
forms,  at  the  bottom  of  the  water  iu  the  receiver,  an  oily  stratum, 
which,  on  cooling,  assumes  a  cryatiitUnc  appearance.  The  crystals 
ue  pressed  between  several  MAs  uf  tiiu!uc-pap<>r,  and  distilled  over 
bvyta.  Cyanide  of  encodyi  mclt^  at  S^O.Jt°,  buiU  at  284^.  and  is 
tiul  slightly  soluble  iu  water,  but  largely  so  in  alcohol  and  ether. 

It  is  an  excessively  poisoaoua  substance,  the  vapour  of  wliich  it 
Tot.  11.— 2  W 
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I'Wry  dftngorotis  to  inhalo,  and  it  oxldlKcfi  rapidly  tn  cbo  air.    Tbe 
[4hnM]t/  of  ita  vapour  is  4.55,  uid  it«  cquiralcnt  is  represented  hy 
4  ToluiDcs  of  vapour. 

§  1380.  Bj-  Iicmting,  protected  from  the  air,  cicanlj  evnipcd  zinc 
with  chloride  of  cacwlrl,  the  metal  is  attacked  vrilhout  ioy  evolo- 
tion  of  hvdrogon,  and  a  white  crystftUinc  mwa  is  obtojncd,  on 
treating  which  with  water  to  dissolve  the  chloride  of  xiiic,  an  olea- 
ginous liquid,  hca\'ior  thnn  water,  ^oparntos,  which  ia  digested  for 
bfomo  time  with  hij;hl/  polished  zinc,  and  chuii  diittlllod  aftvr  haviDK 
ihwD  allowed  to  romaiii  for  eomc  lime  orer  ohk<riile  of  calcium  and 
qaickliine.     Thi*  8u1>Htaacc,  which  in  cacodj/l.  the  radicul  of  all  the 
oompoiiudfi  ju8t  described,  consists  of  a  colourless,  highlj  rpfmeltng 
^liquid,  still  more  inOammablc  than  tlic  oxide  of  cncmlvl,  whict  it 
'  dosely  resemblefi ;  it  solidifies  at  212°,  and  boils  at  about  338**. 
'Exposed  to  a  feeble  current  of  air,  it  forma  a  thick  cloud,  and  is 
I  first  conrerted  iiito  oxido  of  CBCodyl,  and  then  into  caeodylic  acid, 
f  Sulphur,  chlorine,  and  bromine  combine  directly  with  it,  uid  form 
talnhide,  chloride,  and  bromide  of  cncodyl. 

The  dcneity  of  its  vapour  is  7.28,  and' its  cqaivalcnt  C^B^As  cor- 
responds to  i  volumes  of  vapour. 

The  products  of  cacodyl  present  a  doable  interest,  first  as  orgnnic 
iubatajicea  of  which  arsenic  is  the  chief  constilueut,  aud  socondlv, 
"*■  BO  thoy  belong  to  the  small  number  of  organic  substances  m 
the  existence  of  a  compound  radical  hns  been  proved,  which, 
yihen  isolated,  reproduces,  by  direct  combination,  all  the  substancce 
of  the  series- 
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FBODCCTS  OP  TBE  ACTION  OP  CHWRtSB  ON  BDBSTASCES  OP  TBI 
ALCOnOLIC  SERIES. 

Action  of  Chlorine  on  Chlorohj/dric  Hther. 

§  13ST.  In  a  badly  lijjhted  situation,  chlorine  exurts  no  action  on 
ohlorohydric  ether;  while  in  a  bright  light,  or  still  heller,  in  the 
direct  TajB  nf  the  sun,  reaction  ensues  with  dert'Iopniunt  of  hest, 
cUoroliydric  acid  being  disoDgaged,  while  ao  ethcriol  liquid  con- 
diiuai.  When  any  considerable  quantity  of  this  liquid  is  to  be 
prepared,  the  apparatus  is  arningcd  as  icprcsentfld  in  fig.  680.  Into 
the  fla^k  A  m  introduced  alcotiol  saturated  with  chlorohydric  add 
gaa,  or  nierolv  a  uiixlure  of  equal  volumes  of  alcohol  and  highlv 
fuming  cliloroliydric  ncid  of  commerce.  The  gas  is  passed  ihrvugii 
a  first  washing-bottle  B  ooutaiiiing  water,  then  tlirough  a  s«eaDd 
bottle  C  with  concentrated  sulphuric  ucid,  and  Usllv  throuEli  a 
third  bottle  D  again  containing  water.  Into  another  nask  I  is  iu- 
Uodticed  peroxide  of  manganese  and  chlarohydric  acid  to  j*eQeratc 
the  chlorine,  which  is  washed  in  the  water  in  the  bottle  HE.  The 
two  gases  are  conveyed,  by  two  tubes,  the  orifici-a  of  which  ore  op- 
posite to  each  other,  into  the  Sask  E,  haviu^  three  tubulure«,  the 
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lover  of  irhich  passes  into  tbc  bottle  F  iiitcudcil  to  collect  Ihe  leut 
volatile  portion  of  th«  product,  while  tlio  most  volntito  portion  col- 
lects in  tbc  bottle  G,  which,  sboald  ha  vroU  cooled,     the  ilaak  G  in 


Flg.fi80. 

-Wbicli  the  two  gus('3  unite  bIiouU  be  exposed  to  tbc  boo,  at  least  in 
the  coimuoQCCiiiout  of  tbe  operation  ;  for  when  tbo  reaction  is  once 
estalitislietl,  it  continues  in  tbe  sliude,  and  clous  not  cesnu  with  the 
setting  of  tbe  sun.  Cure  muat  be  takuu  to  kwp  lb»  ebJoroliydric 
ether  in  exc«s6  as  regards  the  chlorine,  as  otherwise  tbe  latter  would 
exert  iL  Buhse(|U0Dt  action  on  the  first  product  and  produce  a  »econd 
one  more  chlorinated.  It  is  moreover  difficult  to  avoiil,  in  an  ope- 
ration which  lasU  for  a.  long  time,  the  formation  of  a  small  quantity 
«f  this  product,  unices  the  operation  be  continued  in  tbc  ebadc; 
but.  a.4  it  i»  less  volntile,  nearly  the  whulo  of  it  remains  in  the  fimt 
receiring-bottlo.  Tlie  lir|iiid  ia  washed  several  tiines  with  water, 
and  thfu  distilled  iu  a  water-bath,  over  quicklime,  in  order  to  en- 
lircly  deprive  it  of  water  and  chloroliydric  acid.  The  first  drops 
■which  pass  over  in  diBlillution  sliould  be  ri-jcct«d,  beoauflo  they  often 
ooDtaiu  a  small  quantity  of  unaltered  chlorohydric  ctlier,  which  re- 
mains in  solution;  and  the  luat  fourth  in  alifo  set  wiido  beeausc  it 
may  conuin  a  amall  proportion  of  more  highly  chlorinated  pro- 
docts. 

The  formula  of  the  lic[uid  thus  obtained  li  C^H^Cl,;  and  it  u 
mm<>ehl9rmated  chlorohifdric  ether,  presenting  the  same  composition 
as  Dntch  liquid,  the  tustc  and  stucU  of  which  it  exactly  reacmbles. 
Tlie  density  of  its  vapour  \&  also  exactly  the  same,  3,42  ;  while  its 
btMling  point  is  very  different,  for  moiiochlorinatcd  chlorohydiio 
ethor  hoiU  at  117.2^  while  Dutch  liquid  boils  at  180.5'-  These 
two  substunces  also  differ  eutircly  in  their  chemical  reactions:  thus, 
U)  alcoholie  Rohition  of  potassa  immediately  dceomposos  Datoh 
liquid  when  cold,  cliluride  of  potassium  being  formed  and  mouochlo- 
rinated  bicarburc-tted  hydrogen  O^U,CI  disrangod-     Nutluog  simi* 


flfiS  TBAKerORUATIOSS   OF  ALCOHOL. 

lu-  occiin  in  monocliloritiated  clilorohjrdric  ether ;  and  if  this  snb- 
etance  be  [listilletl  with  an  alcoholic  Rolation  of  jKiUsss,  »  tctt 
Bmall  fraction  only  of  ii  is  chsnged,  without  prtiductne  nioiiochlon- 
natcd  bicJirbarctt'cd  hydr&gcn.  Dutch  liquid  18  acted  on  immicdi- 
alcly,  Tflicn  cold,  by  potaiwium,  hydroj;en  bciug  diBCQgaeed,  vhik 
chloride  of  potagsium  and  mouoclilorinnt^d  bicarbtirettcd  liyilrog«n 
are  formed;  hat  in  motiochlorinatcd  ciilorohydric  ellier,  on  ibi-  con- 
trary, the  potassium  prcecrvos  its  metatlic  bnlliancy.  Dutch  Uqoid 
differs  therefore  from  its  isomeric,  monocUorinated  clilorohydric 
ether,  in  the  fact  tliat  1  equivalent  of  hydrogen  and  1  equivalenl 
of  chloriiic  exist  in  the  compound  id  quite  diflforcnt  coDdJtioQS.  lu 
the  reactionB  just  dcj»cribed,  the«c  two  elements  bchare  as  if  iLej 
existed,  in  Dutch  liquid,  in  the  state  of  cWorohydric  acid;  for 
irhich  Teiwon  some  chemists  have  assigned  to  Datch  liquid  tlic  for- 
mula CfH,Cl,HCl,  and  to  monnchlorinated  cblorohydric  ether  the 
formula  C,H,CI„  which  perfectly  roprescnta  the  difference  of  the 
chemical  reactions. 

JXSBB*  By  causing  chlorine  to  act  ^adaally  and  niih  the 
■nhttaoe  nf  Rnkr  light  on  monocblorinated  chlorohvdric  ether, 
irith  the  precautiona  described  in  llie  preparation  ef  the  various 
degrees  of  chlorination  of  Dutch  liquid,  the  following  pioductt  are 
obtained : 

BichlorinatfJ  chlitroliydric  ether C^I7,Cly  iaonierio  with 

monocUori Rated  Dutch  liquid; 
TcrchloriiittU-d  chlorohydric  ether C,H,C1,,  isomeric  with 

bicblorinatcd  Dutch  liquid; 
Quadrichloriuiitcd  chlorohydric  ether C.HC!,,  isomeric  with 

teroiilorinated  Dutch  liquid; 
PcrchlorinateJ  (.'hloroliydric  ether C.Cl^    identical  with 

perclilorinated  Datch  li(iuid,  or  seeqaichlorido  of  carbon. 

The  final  product  of  the  action  of  chlnrine  on  chlorohydric  ether 
if  therefore  the  ?iime  as  that  afforded  hy  Dutch  Hquid:  it  is  cry»- 
tallvsed  gfsquichlorldc  of  carbon,  the  properties  of  which  have  beec 
dfBcribed,  ^§  1338.)  The  three  products  C.H,CL,  C,n,Cl,  tad 
C^HCl,  derived  from  chlorohydric  ether,  differ  entirely  in  their  phy- 
weal  properties  from  the  isomeric  products  obtained  from  Dotch 
liquid  ;  and,  in  fact, 


Bichlorinatcd  chlorohydric  ether C.II,CI,  Wils  at...  167.0* 

Monochlorinatcd  Dutch  liquid "  "  280.0* 

Terchlorinated  chlorohydric  other...  C,H,C1,     '*  215.6* 

Bichlorinatcd  Dutch  liquid "  "  276.0* 

Quadrichlorinati'J  chlorohydric  other  C.UCI,      "  294.8* 

Terchlorinaied  Dutch  liquid "         "  307.4* 

The  last  product,  the  eesquichloridc  of  carboD,  which  is  commoB 
to  both  series,  boila  at  Siiti*. 
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Tte  difference  between  the  boilinfi;  points  of  isotneric  chlorinated 
prodacUi  o?  chlorchTdric  etber  and  Dutch  li(|uiil  becomw  nmaller 
find  amallor,  as  the  quantity  of  cbluriue  uubHtituted  for  the  hydro- 
gen inrr(>a.«e!< ;  and  lastly,  it  is  reduced  to  notliing  in  the  pcrchlo- 
riaated  products,  which  are  identical :  thus 

The  difference  of  ebollition  between  mon ©chlorinated  cbloro- 

hydric  ether  and  Dutch  liquid  is 71.0* 

Between  bicblorinated  cblorohydric  ether,  and  monocblori- 

nated  Dutch  liquid,  it  is 72.0* 

Between  terchlorin&ted  cblorohydric  etber  and  bicblorided 

Dotcb  liquid,  it  is 59.4* 

Between  c|uadricblorInated  chlorobycbic  ether  and  terchlori- 

oated  Dutch  liquid,  it  ui 12.6* 

Itastly,  between  identical  percUorinated  products,  it  is  ne- 
cessarily      0.0* 

$  1389.  Bicblorinated  and  tcrcblorinatcd  cblorohydric  ethers  diBbr 
Teiy  distinctly  in  their  chemical  reactions  from  ihwr  isomorics, 
monocbloriniucd  and  bicblorinated  Ihilcb  liquid.  In  fact,  the  pro- 
dnclB  derived  from  Dutch  liquid  yield,  with  on  alchoUc  solution  of 

Ipctotsa,  the  former,  bichlorinatcd  bicarburcttcd  hydrogen  C^II,€1,, 
the  laiu-r,  tcrcblorinatcd  bicarburcttcd  hydrogen  C,HCL ;  wliile  the 
isomeric  products  derived  from  cblorobyuric  ctbor  afford  no  similar 
results :  tney  resist  the  action  of  potassa,  and,  after  a  long  time,  Bul>- 
Btitmions  of  oxygen  for  chlorine  alone  are  formed.  Tbo  differenoefl 
exhibited  in  this  chcuiiciU  reaction  by  tlto  two  isomeric  scries  is 
therefore  perfectly  explained  by  writing  the  products  derived  from 
Dutch  liquid  CJl.CI^tlCl  and  G.UC1„&C1. 
Qu:Ldrieblori!iated  cblorohydric  etber  and  itd  isomeric  terchlori- 
natcd  Dutch  liquid  e.\bilit  aldo  remarkablo  differences  io  their 
cbouiical  ri>ucUou»;  tbo  Utter  substance  being  readily  acted  on  by 
the  alcoholic  solution  of  potassa,  and  yielding  perchlorinated  bicar- 
buretted  bydrogcu  C^Cl,  or  chloride  of  carbon;  while  muidrichlori* 
natcd  cblorohydric  ether  is  much  more  easily  aoteu  on  by  the 
ftlcoholic  wlution  of  potaasa  than  the  products  which  preceded  it, 
but  the  reaction  is  fur  from  being  as  simple  as  tliat  exerted  on  its 
isomeric. 
I  §  lyw.  Cblorohydric  ether  mav  bo  regarded  as  being  derived 

^B  from  a  ciirburettL'u  bydrogcti  C^H,,  which  has  hitherto  not  been 
^H  obtnined,  and  which,  in  its  constitution,  would  differ  from  carburet- 
ted  hydrogen,  which  we  aedumcd  (§1339)  as  the  starting  point  of  the 
series  of  Dutch  liquid,  and  we  should  then  have  the  following  SMries: 

Carburetted  hydrogen  unknown C^H^  density  '*  boils  at  " 

Cblorohydric  ether. C.H^Cl    "     0.840    "     54.5" 

Monocblorinated  cblorohydric  other.  C.U.CI,  "    l.lT'l    "147.2* 
Bicblorinated  «  "      C^UCI,    "    1.3T2   "  167.0* 
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Terclilorinatcil  chlorohirdric 
ether ...C,H,C1,  density  1.530  boils  at  211 

Qiiadricli]orinat«dchlo.  other..  C^Ha,       '*     1.W4         *'      294.1 
Peichlorinatcd         "        "     C.Cl,  "        "  "      356.0" 

JPrcdacte  t^  (Ae  Aciicn  of  Chhrrhu  on  Ether  C^H.O. 

I  1391.  Eilier  is  very  violently  acted  on  hy  chlorine,  tlie  temper* 
ftturc  rii^iiig  con^idcrnhly,  nhile  the  sulKitaiicQ  tnmR  black  acd 
i^item,  if  the  chlorine  be  in  too  great  qiuuttily,  and  if  the  a[>parntiu 
18  exposed  to  tho  sun.  By  operating  in  a  darkened  room,  and  ex- 
bausting  the  action  of  the  chlorine  by  elerating  eren  slightly  the 
temperature  toward  the  close  of  the  operation,  a  product  ia  obtained 
nhich  m&y  be  regardeci  m  htcldorinatid  ether,  for  it«  formula  is 
C^n^CLO.  It  is  a  coloarleDs,  oleaginous  liquid,  of  a  smeU  rewnt- 
bbng  fennel ;  sad  its  density  is  2.^,  while  it  de«ompoees  at  about 
284°  without  boiling.  Ilext^d  with  an  alcoholic  aolution  of  potassa, 
^oride  of  pota«3ium  and  acetate  of  potae&a  are  formed,  from  the 
following  equation : 

C,n50a,+8KO=2KCI+KO,C,H,0^ 

tho  2  equiv.  of  chlorine  arc  therefore  replaced  by  2  c^uiv.  of  oxyi 

Bj  heating  Hchlorinaled  ctlicr  in  u.  current  of  Bulfhvdric 
gas,  clilorohydric  acid  is  disengaged,  and,  if  it  be  sufiicicntly  beat 
an  oleoginoun  liquid,  the  greater  portion  of  which  solidifies  on  cool- 
ing, pa£&cs  over  in  distillation.  This  subatancc  \a  removed,  pressed 
\  between  sereraJ  foldM  of  t!«:tu(>-pap«r,  and  difLsolved  tn  boiling  alco- 
'hol.  On  cooling,  crystals  of  the  two  substances  are  scpomtcd, 
which  are  again  cryBtuUixcd,  until  onlv  the  prismatic  forma  of  a  single 
Bpedes  are  obtained.  Tho  compubttion  of  the  substance  then  cor- 
responds to  the  formula  C,!I,SjO,  and  Is  derived  from  the  primitive 
substance  0^1ljCl,0,  bichlorinu.tcd  ether,  by  2  eq«i\'.  of  sulphur 
being  suhstititted  for  2  oquiv.  of  chlorine ;  and  it  is  therefore  ether 
CjlIjO  of  which  2  equiv.  of  hydrogen  have  been  replaced  by  2 
cqnir.  of  sulphnr,  or  hiaulphurctted  etker.  It  is  insoluble  io  water, 
mnd  decomposed  at  about  248",  n-ithout  distilling.  An  alooholic 
Solution  of  potaesa  decomposes  it,  forming  sulphide  of  potAesioiQ 
and  acetate  of  potassa.: 

C4H,S,0-l-3KO=2KS+KO,C,H,Or 

Alcoholic  lifjuore  which  have  been  used  in  the  puriiicution  of 
bisulphuretted  ether  deposit,  after  evaporation,  yellow  ncicidee  of 
the  formula  C^UjOISO,  which  consist  of  bicldorinatcd  ether,  in 
vrliich  a  single  equivalent  of  chlorine  has  been  replaced  by  1  eifniv. 
of  sulphur. 

%  1S92.  By  arre-sting  the  action  of  chlorine  on  ether  at  a  suitable 
k,iDoment,  the  liquid  contain?  a  large  quantity  of  monochtorinairtt 
uther  C^II^CIO,  which  is  particularly  formed  when  chlorine  auJ_ 
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v«poui-  of  other  in  excess  are  iotrodaccd  into  a  flask  ex^ed  te  dif- 
fiisod  light,  antl  the  liquid  obtained  xa  distilled,  dividing  the  pro- 
dueti)  into  rriLctions.  nUen  the  firtit  portions  vrhich  pass  orcr  in  dis- 
tilltUion  contain  a  large  nmnunt  of  ctlior  and  chloroh^dric  ether, 
while  the  monochlorinated  ether  C^U^CIO  does  uot  distil  before 
about  85^^.  Thin  product  ifi  often  formed  in  largo  qaantities  ia  the 
preparation  nf  Dutch  liquid  ulieu  tlie  hicar1>uretted  hydrogea  be- 
oomes  loaded  ffitli  ^-apount  of  other. 

The  preparation  of  pure  chlorinated  ethers  is  often  Tery  difEcult, 
ftnd  would  he  almost  impos^iblo  if  carried  on  in  the  sun.  A  Urge 
qoantityof  clilorohydric  ether  is  necessajily  formed  in  this  prepara- 
tjOQ,  from  tihe  reaction  vhich  the  chlorohvdric  acid,  arifiitij;  IVom  the 
combination  of  the  chlorine  with  the  hyilrogcn  abstracted  from  the 
ether,  exerts  on  the  unaltered  other  C,h,0 ;  and  if  the  operation  bo 
carried  on  in  a  dai-Lcncd  place,  the  cmorohydric  ctbcr  is  diaengaged 
almost  entirely,  without  being  iiltinintely  attacked  by  the  chlorine; 
which  would  not  be  the  cwc  in  the  light  of  the  Bun,  because  tJie 
chloroliydric  ether  would  then  bo  attacked  by  the  cklonue,  and 
yield  chlorinated  chloruhydric  ethers,  much  last  volatile,  and  vhich 
would  remain  dissolved  in  the  chlorinated  ethers. 

§  1393.  The  action  of  chlorine  on  ether  docs  not  stop  nt  bichlori- 
natcd  ether  C^HjCI^O,  but  continues,  if  the  experiment  be  made  in 
the  Ban,  faruishing  liquids  richer  and  richer  in  chlorine,  and  corro- 
spondiugly  poor  m  Iiydrogen.  By  e:(hauating  the  action  of  the 
Mlorinc,  by  poaring  toe  highly  ehlorinatcd  liquid  into  Urge  bottles 
filled  with  dry  ehlonne,  anu  exposed  to  intense  solar  light,  there  are 
found  white  crystab,  remarkable  for  their  beautiful  foi-ins  and  their 
abe,  consisting  of  percfihrinatcd  ether  C,C1,0,  in  which  all  the 
hydrogen  of  ether  C,H,0  has  been  replaced  by  chlorine.  Pcrchlo- 
nnatcu  ether  melts  at  lo'>,2",  and,  when  heiited  to  57i°.  it  does  not 
boil,  bnt  \»  deeomposed  into  s esq ui chloride  of  carbon  C^CI^,  and  a 
liquid  pro<]uct  of  the  formula  O^Cl^Oj,  conaiating  of  chlorinated 
atdeh^d.  The  docomposition  is  represented  by  the  following  equation : 

2C,C1,0=C,C1,+C,C1,0,. 

^hoa  pcrchloi'inattfd  ether  is  heated  with  an  alcoholic  aoluiion  of 
moDomilphide  of  poLas:«lum,  chloride  of  potassium  and  a  new  com- 
pound of  the  formula  C.CljO  are  found,  which  &ubst«nco  evidently 
belongs  to  the  serit-s  of  blcarburetted  hydrogen  C.U,;  8  equiv.  of 
chlorine  having  rcplaeofl  3  of  hydrogen,  and  1  eqtuv.  of  oxygen  oe> 
cupying  ihe  place  of  the  last  equiv.  of  hydrogen.  Treated  with 
chlorine,  in  Iho  sun,  the  Bub»tance  C,C1,0 reproduces  perchlorinatod 
ether  C.Cl.O.  The  two  sut^tanccB  C.Cl.O  and  C,C1,0  present, 
therefore,  relations  precisely  similar  to  those  existing  between  tho 
two  chlorides  of  carbon  0^01^  and  C^CI^,  the  first  of  which  belongs 
to  the  iieries  of  ehlorohydric  ether,  and  tho  seeond  to  that  of  bicar- 
bnietted  hydrogen. 
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It  is  eesentjal,  in  order  to  obtAio  pure  perdilorioat^'d  elber, 
ezpoBO  to  tho  action  of  chloriae  in  excesa,  influenced  by  the  solar' 
raja,  odIj  ether  already  completely  ctilorinated  in  the  iihade  uid. 
freed  from  ctlicr  and  chlorohydric  ether;  iia  ottiertriisc  Inrgo  iiuan-< 
litiee  of  chloride  of  carbon  C  Cl„  which  would  remain  mixed  iriiki 
the  ehloridod  ctbcr,  would  be  meritably  fonn«<L 

It  is  equally  nec«Mary  to  operate  upon  anhydrous  elher,  andirith 
jwrfcetly  dried  chlorine,  for,  if  water  bo  present,  it  is  entirely  de- 
coinpoMd  by  the  chlorine,  and  ita  noAccnt  oxygen  cxertK  an  oxidinng , 
action  on  tho  othor,  (§  ISfiC,)  fonning  aMchyd  CjH.O,,  and  come-  • 
quently  enusing  the  productM  of  the  acriou  of  chlorine  on  aldchyd  to 
be  mixed  with  those  of  Uio  action  of  chlorine  on  ether  C^jO. 

Action  of  Chlorine  on  SulfJiydrie  £ther^  C.fl^. 

%  1894.  Sulf  hydric  ether  is  powerfully  acted  on  by  chlorine,  witt 
diaeDEEgeinent  of  chlorohydrie  add,  and  it  even  igaitcs  when  pro- 
jectea  into  n  bottle  filled  witb  gaseons  chlorine.     After  attacking  i 
the  aiilfhydric  ether  by  chlorine,  in  a  darkened  place,  and  intro- 
ducing the  chlorine  slowly,  in  order  to  avoid  too  great  an  clcvatioa  . 
of  temperature,  the  appnrutus  is  exposed  to  the  buu  aa  soon  as  tlie  | 
action  ccabos.  and  chlorine  passed  through  until  chlorohydrie  acid 
is  no  lonij^er  ilixeuj^nged.    The  li([uid  is  exposed  in  vacuo  ucur  a  cup 
filled  with  a  coDccnti-ated  solution  of  caustic  pot4es«,  vbich  abaorlAj 
the  chUrine  and  chloroliydric  ucid  it  containH;  and  tbere  retnaba*! 
yellow  liquid,  of  an  extremely  diaagreeable  and  persistent  smell,  of 
tho  density  1.4J73,  a.ad  which  decomposes  at  nhont  820°.     Its  for- 
moln,  t»  C'jHC!  S,  and  it  constitutes  quadriehlorinattd  tuifhjfdrui 
Btlwr:  inteirmediatc  products  probably  exist,  but  they  bavo  not  yet 
IwoB  discovered. 

j4c(ioii  0/  ChlcTtne  on  AJcohot  C^II,0,. 

^  l^'i.'i.  Chlorine  acta  very  powerfully  on  alcohol,  and  yields  verj 
various  products,  Accordiikj;  to  the  atrength  of  the  alcohol.  We 
ghaU  suppose  the  most  siuiple  caso,  that  in  which  the  alcohol  is 
anhydrous,  and  admit  that  the  chlorine  i^  perfectly  dry.     Alcohol 


chlorohydrie 


absorbs  a  large  cmantity  of  chlorine,  without  any  discnpigCDient  of 

iiciu,  if  its  temperature  be  kept  eufficicutly  low ;  and  ^m 
if,  after  «  certain  length  of  lime,  water  be  poured  on  tho  produot,  ^M 


on  olroginoiis  liquid  is  separated  from  it,  which  falls  to  the  bottoat 
of  the  veexel,  and  is  a  mUlurc  of  several  chlorinated  sulMtauces: 
this  substance  ie  called  chhrakohelie  tiil,  but  the  njbstaacoa  codn- 
pofling  it  arc  unknown.  If  the  action  of  chlorine  on  alcohol  be 
indefinitely  continued,  an  oily  li^tnid  bood  sepnrntes,  which  cradaaUr 
incroaaee,  and  dually  constitutes  the  whole  mote.  This  liqaitl^ 
irbich  19  also  very  complex,  is  gently  heated,  in  order  to  disengam 
the  very  volntilr  products,  such  as  chlorohydrie  ether  and  its  highly 
chlorinated  products,  which,  if  they  remained  iu  the  mixturo,  moj  ' ' 
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1)0  HibfleqaontlT  tranaformed  into  chloride  of  carbon  C^Cl^  The 
BClion  of  the  cntonDe  is  continacil,  the  temperature  eIevAt«d,  »nd 
it  ia  torminated  by  the  awiistance  of  the  solar  rsjrs.  The  liquid 
obtained  should  be  mixed  with  3  or  4  timca  ita  raluoie  of  eulphuric 
•cid.  nnd  the  bottle  is  sbalic^a  several  times,  after  which  its  contents 
arc  dii^tilled  over  sutphuric  add.  The  product  of  this  diitiUalion 
18  ag»in  distilled  in  a  tuhuktcd  retort  fumi»lied  with  a  thenao- 
nieter,  &nd  the  first  products,  containing  a  large  amount  of  chlo- 
rohydric  acid,  are  rejected,  the  product  distilling  at  201.2"  being 
ecparat*lT  collected,  which  fonns  a  colourless  litiuid,  of  a  euffocat- 
ing  odoar,  and  exciting  to  tears.  Ita  dciiisitv  is  l.^O^,  and  its  com- 
poaition  corresponds  lo  the  formula  C'HCljO, : .  it  i«  called  ekloral, 
bat  is  only  tcrchlorinaled  aMchyd.  Its  etjuivalcDt  corresponds  to 
4  volumes  of  vnpoiir. 

Tlio  fonnntiou  of  clilorul  by  the  action  of  chlorine  on  alcohol,  is 
explained  in  the  foltoving  niaDner: — The  formula  of  auhydroiu 
alcohol  ii  C^UiOg,  vbile,  in  the  tnajority  of  its  reactions,  it  bchavM 
like  a  compound  of  ether  C^H,0  and  water  HO ;  and  tho  action  of 
chlorine  on  alcohol  yieULi  tlio  same  products  as  if  it  acted  on  a 
mixture  of  1  equivalent  of  clh<'r  nnd  \  equivalent  of  water:  it  first 
exerts  an  oxidising  action,  by  ilecomposing  the  equivalent  of  water, 
and  the  product  of  this  action  is  aldehyd  C.U.O^  which  is  in  fact 
obtained  in  large  (iiianlity  during  the  Brat  penods  (if  the  action  of 
chlorine  on  alcohol,  ami  inay  be  separated  Ly  distillfttion.  But  if 
tha  action  of  the  chlorine  continues,  as  ihero  is  no  more  water,  the 
previous  oxidising  action  is  replaced  by  a  chlorinating  action,  by 
which  the  substance  losen  hydrogen  and  gains  equivalent  quantities 
of  chlorine ;  the  reaction  ceasing,  even  in  the  moitt  iutonec  iwlar 
heat  of  our  climate,  at  the  moment  when  the  substance  utill  relainB 
1  equivalent  of  hydrogen,  and  is  converted  into  chloral  C^HCljO,. 
reaction  in  expressed  by  the  following  equation  : 

C,U.O,HO+8Cl=C,UC1.0,-f-5UC!. 

Chloral  should  therefore  be  conaiderod  as  terchlorinated  atdehyd. 

hiB  hitherto  been  in  vain  attempted  to  remove  directly  bv  ctlorinu 

lliquivalent  of  hydrogt-n  which  remains  iu  terchluriuutcu  aldehyd, 
BO  M  to  produce  quadrichlorinated  or  perchlorinaUd  aldehyd 
CfCI^Oa,  although  thit^  c<ubat.iticu  hod  been  indirectly  obtoiood,  it 
being  one  of  the  products  of  the  decomposition  of  perchlorinatod 
ether  C.Cl.O,  by  heat,  (51353.) 

Chloral  diaNftlves  largely  in  water  without  decomposing,  and  if 
th«  »olution  be  evaporated  in  raouo  over  ccacontrstcd  solphurio 
acid,  crystals  arc  formed  consisting  of  a  combination  of  cliloral 
with  water,  kydrat^d  ekloral  C,HCLO,,H0,  which  exhibits  the 
molecular  grouping  of  alcohol  C^U.O.nO.  Chloral  has  80  great  an 
•ffinitj  for  water  ttiat  it  attracts  the  moisture  of  the  air,  ana  is  con- 

vertea  into  crystals  of  hydroted  chloral.     The  crystab  may  bo 
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soblimed  witliout  decomposing,  vliile  thcj  give  off  their  water  vl 
they  arc  dwtilJcd  irilh  concontratotl  snlphurio  acid,  and  allow  i 
droos  chloral  to  pass  over  in  dlstillaiiott. 

ChlomI  is  deeompoapd  by  ao  nqueoiig  solution  of  potaSM,  two  | 
ducta  belonging  to  the  seriesofprotocarboretied  hydrogen  C,U,I 
rorraed,  nnmcly,  formic  iicid  C,H,0,  and  chloroform  C,HCi,; 
the  reaction  ia  expreescd  by  the  following  equation : 

CJICI,0„UO+KO=KO,C.1IO,+CJ10I,. 

The  molecular  ^^uping  of  alcohol  is  therefore  doubled  in  tlus  i 
and  produces  two  groups,  exhibiting  the  gronping  of  prot 
ted  hydrogen. 

When  anhydrous  chloral  \b  left  for  some  time  in  a  tnbe  herma 
calty  closed  it  bccomee  cloudy,  and  a  white  substance,  ifhicb 
crenacii  until  it  lins  taken  the  place  of  th«  whole  of  the  liquid,  b  ' 
posited  on  the  6id(>8  of  the  tube.     This  is  an  isomeric  modifica 
of  chlomi,  which  no  longer  preaenta  any  of  tht-  characteristic  pi 
ties  of  the  latter  eubstaiiee :  thus  it  is  inodorous,  resembles  pore 
in  appearance,  imd  ao  lunger  disHotvos  in  water,  whence  it  hasi 
callou   intotuhh  chloral.     It   reproduces,  when  heated,  ordii 
j,s^^      cblorul,  which  distils  over.     If  the  tube  in  which 

yO'^e^.    clilnra!   is    contained    be   shaped   as   represented 
^^        \^  fig.  681,  the  part  a,  in  which  the  chloral  is  frolidi£ 
*  Fi    flsi       ""^y  '"^  heated,  and  the  liquid  chloral  obtained  in 
^'  part  b\    and  since  the  liquid  chloral  won  aolid 

again,  the  experiment  may  be  indefinitely  repeated  in  the  same 

It  is  iuiportJint  to  remark  that  liquid  chloral  C,HCI,0,  doM 
correspond  exactly  to  aldehyd,  for  its  equivalent  is  represented 
4  volumes  of  vapour,  while  that  of  aldehyd  C^IT.Oj  is  rcpreseal 
by  2  YolumcB.     It  must  therefore  be  admitted  that  in  the  conrersii 
01  aldehyd  into  lerchlorinated  aldehyd  or  chloral,  each  molecule  i 
aldehyd  has  afforded  2  molecules  of  chloral,  or  rather  that  the  mo' 
cules,  by  being  chu.rgod  with  chlorine,  have  separated  so  as  to  fill! 
double  ^pncc.     If  the  first  hypothesis  It!  correct,  insolublo  ct 
may  possibly  present  the  molecuhir  grouping  of  aldehyd ;  wl 
insoluble  chloral  may  possibly  also  eorrcspoud  to  one  of  tho  iuma 
modifications  of  aldehyd  described  §  IStJT — to  clalduhyd  or : 
de^cL 

If  tho  alcohol  coutamed  water,  or  if  the  chlorine  were  not  p^ 
fectly  dry,  the  reaction  might  be  still  more  complicated.     Suppoatu 
the  alcohol  to  contain  an  eqmToleDt  of  water,  the  first  stage  of 
oxidatioti  due  to  the  decomposition  of  the  water  would  not  stop  at 
tho  formation  of  aldehyd  C.H.O^  but  would  convert  tbia  sul         ' 
into  acetic  aid  C,II,0,. 

C^n,0,no+U0+2C1=C.II,0,+2HC1 ; 

and  at  a  later  period  during  the  tttago  of  chlorinntion,  prodoott  i 
the  action  of  chlorine  on  ucvtio  acid  would  be  fortned. 
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Bot  again,  acetic  acid,  by  diasolrinf^  in  unaltered  alcohol,  migtt 
prodnce,  particularly  ond«r  the  inflacuce  of  the  chlorohydric  acid, 
which  is  copiously  fonned,  acetic  ether,  which  at  a  later  period 
would  fonn,  by  the  action  of  chlorine,  chlorinated  acetic  ether.  It 
will  honrn  be  hccu  how  compIicaU'd  these  products  may  hecome,  and 
it  Would  ho  often  impnssitlc  to  disentangle  the  reactions,  ualcss 
guided  by  theory. 

LflKtly,  if  the  alcohol  were  very  hydratod,  the  oxidizing  stage 
vooid  continue  until  the  alcohol  vrua  wholly  converted  into  water 
and  rafbonic  acid.  , 

I        Products  of  the  Action  of  Chlorine  on  Aldehtfde  C.H.O^ 

§1396.  From  wh«t  has  been  just  said  concerning  the  notion  of 
chlorine  on  alcohol,  there  remains  but  little  to  add  touching  the 
action  of  chlorine  on  aldehyde.  By  causing;  chlorine  to  act  on  alde- 
hyde C.H.Op  a  In-rgcrpmntity  of  chloral  CJICI,0,  is  obtained,  which 
is  mixed  with  other  less  volatile  products,  which  hare  not  yet  beun 
examined.  They  are  probably  the  chlorinated  aldehydes  C^ttClO, 
md  C.H^CljO,,  which  a  more  prolonged  action  of  the  chlorine 

uld  hare  converted  into  chloral. 


Frodvctt  of  the  Action  of  Chlorine  on  Acetic  Acid,  C^IIjOjiHO. 

_  1807.  Chlorine  acts  powerfully  on  monnhydrnted  acetic  acid, 
and  at  last,  when  assisted  by  tbe  rays  of  the  sun,  dcprires  it  wholly 
of  its  oxygen,  which  is  replaced  by  an  equivalent  quantity  of  chlo- 
rine; a  crystallised  product  C,C!,0„HO,  or  chhracetic  acid,  yrhieh  is 
powerftdly  acid,  and  possei^cs  tha  samo  capacity  of  Baturation  aa 
acetic  acid,  beiu;^  formed.  Intermediate  chlorinated  compounds 
probably  exist,  Tiut  they  have  not  yet  been  examined.  In  order  to 
pri^pare  cWoracelic  acid,  ground-eloppered  bottler,  holding  5  or  6 
litres,  are  filled  with  very  dry  chlorine,  and  into  each  is  poured  4  or 
5  gnunnie«  of  mouohydraled  acetic  acid,  after  which  the  bottles  arc 
expoaed  to  tho  sun;  when  their  sides  soon  become  covered  with 
crystals,  which  consist  of  a  mixture  of  oxalic  and  chloracetic  acid, 
wbile  the  gas  in  tho  bottle  is  formed  of  chlorohydric  acid  and 
chlorocarbonic  gaa,  resolting  from  a  more  advanced  decomposition, 
which  take!!  place,  perhftps,  in  conseriwence  of  the  smaH  quantity  of 
wniLT  from  which  it  is  difGcult  to  free  the  chlorine  and  the  hAms  of 
tho  flai-k.  The  crystals  being  dissolved  in  water,  and  the  Bolulioii 
evaporated  in  vacuo  over  concentrated  sulphuric  acid,  tho  oxalic  acid 
erystallixea  first,  vhen  the  mother  liquid  i»  dw:anted,  completely 
evaporated,  and  the  residue  distilled  with  anhydrous  phosphoric  acid. 
Tho  oxalic  acid  which  might  remain  is  dccompo»ca  into  oxide  of 
carbon  and  carbonic  acid,  and  tho  chloracetic  acid  ilistils  over,  but 
the  first  product  should  not  bo  collected,  bccuose  it  may  contain  a 
email  proportion  of  acetic  acid. 
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CUoracetic  Hcid  cnrstalUzcs  in   rfaombohcclral   lameiW   or 
OOlourlcM  acicaltc,  deliquescent  in  the  air;  &nd  it  melts  at  111 
and  boila  at  about  302°.    It  conibincs  with  bases  and  forms  ■ 
number  of  soluble  and  crystiillizaLltj  salts. 

The  formula  of  chloracetate  of  potaasa  is  KO,C,CI,0,+2H0. 

«       of  eUortwtate  of  ammonia,  (XH„H0),C,Cl30,+4H< 
"      ofcUoncctate  of  silver,       AgO^C^CljO,. 
The  chloracetatee  heated  Tith  an  excess  of  notassa  yield  chk 
form  and  an  alkaline  curboDatfi ;  aod  if  the  action  bo  prolonged, 
chloroform  in  itself  converted  into  formic  acid.     We  have,  in  fac 

KO.C,Cl,0,+KO,nO=C,IICI,+2{KO,COp) 

KO,C,Cl,O,+5KO=KO,C,UO,4-4Ka,CO0+8KCl. 

When  cfaloracctic  acid  is  treated  with  an  amalgam  formed  of  | 
part  of  pot&Hsiiiiin  and  If)')  parts  of  mercury,  it  is  oonTertod  iul 
ordinary  acetic  acid,  and  hydrcgea  is  substituted  for  the  chlorinoi 

C.C1,0.,HO+7K+2HO=KO,C,H,0,+3KC1+3KO. 

§  1S98.  Chloracetio  acid  farms  a  compound  ether,  ehloracetie  tti 
C^H,0,C,C10„  and  a  perMnrinated  chhmcetie  eOier  C,C1.( 
C^CI,Oj.  CJhloraeetic  ctner  is  prepared  by  distilling  cliloracet' 
HCtd,  or  s  chloracetate,  vith  a  mixture  of  alcohol  and  sulphuric  add 
and  diluting  the  distilled  product  vith  water,  vhea  the  etfaor 
rat8&  in  the  form  of  oil.  By  exposing  it  to  the  sun  in  bottles 
with  dry  chlorioc,  it  is  converted  into  an  oleaginous  product, 
chlorinated  chhracetic  ether,  which  boils  at  478*. 

Action  {^  Ckhrine  on  Compound  Kthert. 

1 13f>9.  Chlorine  actH  on  the  componnd  ethers  and  removes 
hydrogen ;  the  hyilroj»en  removed  being,  in  all  cases,  replaced  l^  i 
equivalent  quantity  of  chlorine, 

The  first  action  of  chlorine  on  acetic  ether  C,II,0,C^IIjO,  cona* 
in  removing  2  eqoiv.  of  hydrogen  from  simplo  ether  C^H,0,  an 
replacing  them  by  2  cniuv.  of  chlorine ;  which  furnishes  il  bwhlot 
nalcd  acdic  dfter  of  tl»c  furmola  C^IljCl^OfCjIljO,.  It  is  decoahj 
posed  by  an  alcoholic  solution  of  potassa,  and  yields  of  aeeiate  nfl 
potBEsa  and  chloride  of  potassium 

cji,aAC,n,o,+-iK-o=2{Ko,c,ii,o,)+2Ka. 

If,  OD  the  contrary,  the  action  of  the  chlorine  ho  exhaaated  br 
intense  solar  radiation,  perchlorinated  chloracetio  ether  result*. 
C,Cl,0,C,C],O,. 

By  passing  chlorine,  under  the  influence  of  tho  solar  raya,  inw 
oxalic  ether  Cfifi,Cfit  until  chlorobydric  acid  ia  no  longer  diMS- 
gaped,  tho  ether  is  converted  into  a  crystalline  mass,  which  way  bo 
purified  by  pressing  it  between  tissoe-paper.  This  is  ptrehiormated 
oxalic  ether  C^CljO.O.O^  which  molts  at  291.2^,  and  ia  decompoacd 
at  a  higher  tcmpcruture. 


BDB8T1TDTI0N. 


Carbonic  ether  CjH,0,CO,  enbjectcd  to  the  action  of  chlorino  in 
diffuMtl  light  vielda  <:bIoriDated  ether  C.H,CUO,CO,;  and  if  the 
BCtion  of  the  chlorine  be  cotititin&d  under  the  influence  of  the  direct 
rajj^  of  the  sun,  porchlorinated  carbonic  either  C^CI^OjCO,  is  ob- 
tamed. 


1 1-tOO.  By  comparing  together  the  numerous  compounds  dcrired 
alcohol,  it  will  be  observed  that  the  greater  part  of  them  arc 
Dnned  by  means  of  the  molecule  «f  ether  C,H^O,  or  that  of  alcohol 
CMfi,nO,  in  which  the  hydrogen  or  oxygen  ia  replaced  by  cqui- 
Talent  quantities  of  other  elements:  oxygen,  sulphur,  chlorine,  etc. 
When  the  hydrogen  ie  replaced  by  equivalent  quantities  of  chlorine, 
the  equivalent  of  the  derived  siiostance  ia,  in  tfeneral,  represented 
by  the  same  rimnber  of  volumes  of  vapniip  as  the  substance  from 
which  it  !£  derived,  as  in  the  chlorinated  products  derived  from 
chlorohyJric  ether.  The  same  is  true  when  oxygen  ia  replaced  by 
mlphnr,  as  in  ether  C«1I,0  and  sulfhydric  ether  C^UjS.  In  these 
different  cases  the  g;utcous  volume  of  the  element  suhstitatcd  is  the 
samo  as  that  of  which  it  takes  the  place.  But  when  oxygen,  the 
t'Huivalcat  of  which  ia  1  vol.,  is  replaced  by  chlorine,  of  which  the 
equivalent  is  2  vol.,  the  equivalent  in  volume  of  the  substance  de- 
rived is  often  diffiTcnt  from  that  of  the  original  nubatancc :  thns,  the 
equivalent  of  ether  C,H,0  ia  2  vol.,  while  tliat  of  clilorohydrie 
ether  is  4  vol.  Many  exceptions  to  these  rules  neverthelcM  occur: 
thus,  aldehyde  is  derived  from  other  by  the  replacement  of  1  equiv. 
of  hydrogen  {2  vol.)  by  1  cqniv.  of  oiygcn,  (1  vol.,)  and  yet  aldehyde 
C,n^O,  is  represented  by  2  vol.  of  vapour,  liVo  ether  C,n,0 ;  while 
hy  replacing  3  equiv.  ot  hydrogen  (fJ  vol.)  by  3  cfiuiv.  of  chlorine 
(ti  vol.)  in  the  molecule  of  aldehyde,  chloral  or  terchlorinated  alde- 
hyde la  obtained,  of  which  the  equivalent  C,I1C1,0,  13  represented 
by  4  vol.,  while  that  of  aldehyde  ia  represented  by  2  vol. 

When  chlorine  is  sabstitntod  for  hydrogen,  the  chemical  proper- 
Uea  of  the  compound,  a^  regards  its  acid,  baaJc,  or  ucutml  reactions, 
do  not,  in  general,  appear  to  be  changed ;  the  most  striking  ozamplg 
of  which  is  given  by  chloracetic  acid,  which  is  au  acid  as  powerful 
■a  aeetic,  and  puasesBcs  exactly  the  sami.'  capacity  of  saturation. 
TLo  compound  chlorinated  cthcTS  present  uddittuDnl  examples,  and 
othera  shall  subsetiuently  be  described  whJch  are  not  less  rcmartable. 
But  when  hydrogen  is  replaced  by  oxygen,  the  basic,  acid,  or  DCU- 
tral  properties  of  the  subataneea  change  wonderfully.  Thus  ether 
C.1I,0,  which  ha.9  &  manifest  fdfinity  for  acids,  loses  this  property 
when  it  ia  converted  into  aldehyde  C_,H  0^  and  becomes  a  powerful 
acid  when  changed  into  acetic  acid  C,II,0,. 

In  order  to  appreciate  more  readily  the  relations  of  compoeition 
of  the  substances  helonzing  to  the  alcoholic  or  vinic  series,  we  have 
collected  them  in  the  following  table : 
Vol.  II.— 2  X 


566 


TU!ISPORMAT[0.va  OP  ALCOBOL. 


2  vol. 

3  •• 

of 

npon-. 

CI        It 

«4         tt 

i         " 

4    « 

4    " 

4    « 

4    *• 

*t 

)       4  ToU  of  TKpanx. 
1        4    ■* 

TABLE  OF  THK  COMPOUNDS  DERU'ED  FROM  ETHRR,  CJlfi,  01 
FKOM  AUrOIIOL.  C.n.O.FIO,  BY  MEAJ^S  OF  STjESTITrTION. 

CubnroUcil  bjdroEen  unlataim  C,Bu  vUch  m»j  be  res&rded  u  Ike  ac 
pobt  »f  tke  wbel«  Mnca. 

8IUPLB  ETHERS. 

BUwT. „ _ C.H.0 

Solf  h^dria  Mbor^ „  C3;S 

fiydrawloide  ■*. C.BjSa 

RTdratellvria  "  .»..»..»...— C.H,Te 

CUorohjdriQ  «  .„. C.U.Cl 

BroBoli7dri«   "„ „.„ C.H.Bp 

Udobrdrlo      •* »„. CU^I 

Cywwhydrlo    " C.H.Cj 

8ul|iIioc;mnbydrle  ether CJSfiCf 

COUrOUSD  STHEB8. 

<Mlau7  iboJiol CtHAHO 

SfllXVdtle    ••     C.BAH9 

SnlphopoUMU  kkobol , C^^.KS 

StdplMplomlHe      ■■      «...  C.BAPbS 

Suliihomeronrk     ••     C.U^HgJS. 

Cenjiamut  Ethtn  pteperlif  to  mIM. 

Owertil  fomiula  (A  reprcMutiug  tlte  aoid) C.H.O.A        2  or  4  nl 

Boraoio  ether CJI,0,3B0, 

InlSUtmc  etiieT ...».,.. » 8C.H,0,SK), 

USIUdo  ether «.  8C,BA3S10» 

FinieMiib. 
Oeoer»I  (brmnla  of  tSoIc  aoi^li  formed  bj  the 

monobuio  meiiln  A,..». (C.H,0+  EI0),2X 

FornttU*  of  r'uue  ocidi  prftdiutd  bj  tho  tlibMic 

Kids,  euoh  M  PO„SHO (C.U,0  +  2nO).POr 

PRODUCTS  SUCCESSIVELy  DEIlIVEy  FROM  ETUER  C.H.O. 

Iti.  £]f  exiJation. 
Ether „...„»....» C.B.0  XtoL 

Aectai..... - _ (sc.n.o.c.n.o.) 

AJJehyJo. „ „ C.HA  »   " 

Atihjdroiij  eeotle  fcdd C,B,0(  «al 

rvDkini  in  combiuetloii  viih  ili«  water  formt^,  atxl  j\tU» 

H]-<lral«d  Mstio  acid C.B^.BO       4  toI 

bat  corrMpouding  to  al<:obel _..,._...»  CJI,0,QO. 

2i/y.  Sf  lAtf  Qctmto/  CMorin*. 

Ether C.B,      0 

HoD(>ohloriBM«a  etbep. „ —  C.H.Cl  0 

Bichlvtiiuted  elhor » .„.„ „„.» «  C,B|C1,0 


Percblorlnated  ether - ^    CjCl,   O. 
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SJ/y.  By  ikt  mectuit*  attioii  of  Chtariiu  <md  giijpAiw. 

UonocMorintttd  iLDjI  niiin<iaTi1phur«tt«d  ether C\nyCISO 

Bbnlphuretted  etlitr C.HAO. 

PRODDCTa  DERIVED  FROM  SCLFIirDEIC  ETHER  C.H.S. 

SairhTilriG  «thtr „ CJBfi 

QiwdriQblorui»t«>lsuirhj>]ri4ct!>u.,... _ „.    CJICliB. 

FRODUCTS  PBRIVED  FROM  CULOBOHTDBIC  ETHEB,  CiHA 
Bg  IA4  aer>Mi  »f  CMgrtM. 

ChloTvhTdrio  «thwr C.H.Cl    4  ni. 

HoaocUariaaUd  ulatorobjdrle  olbsr. ».«.»....  C1B.CI,  4    " 

Blflhlorinmteil  "  "  ™......  C.H.Cl,  4    " 

TcMhloriBstcd  "  "  „ „ «..  C.H^,  4    '• 

Qoadmbbriuatcd        "  "  ..».....« C,H  O,  4    " 

Pmcliloriniiled  •'  "  „ C,     CI,  4   " 

PBODDCTS  DBRO'ED  FROM  ALIpEBIDE  C.II,{V 
,  Ut.  By  tMt  ocfton  t(f  Otj/gtn. 

AMehyd. „ C.DA 

Ac«lio  koM CiII,0, 

vUcb  r«taaUi>  In  oi>mbtita.tioii  with  Ui«  water  foraod. 

JM^  lUlg.  Bg  It*  <uliam  nf  Cihrau. 

V        Aldohr^e „ «...    CAP, 


inL 


Torch loHn  Med  ftt<Johyda  or  ebWftl dHCI.Oi  i 

pGrcbloruiadto  Atdebjdc. »......»...-_..,„_....    CiCl.O^. 


PRODCCrS  DERIVED  FROM  ALCOUOL  C.H.O.BO. 
Ut,  By  ttM  a<tion  «J  Otygtit. 

AlMlu^ - _ ~.    C.H.O,HO  4  Toi 

AUfthyde C.B,0,        2  « 

pkru  witb  it«  oiiaJTfJont  of  vktcr,  uid  Lelbiiga  («  tlte  oeriM  of  «thcr. 

tHiSiy.  Bji  Hit  aetimt  of  Chbrina. 
Alwfcftl C.n,0,HO  iTot 
Aldelijrdt  (Ul  lUs"  of  oxidbtiait) C.TI.O^        2  •■ 
Chlow!  (2d  Rt«it«  of  ohlorinatioo)... C.HCIA     2  " 
A^ii*0«s  ether  C,H,0-f  HO  Tielda  lbs  auDe  prodaett. 
PBODCCTS  DERIVED  FROM  AQUEOUS  ALCOHOL,  C.H.O.nOf  BO- 
B;  an  oililiiing  Mlion,  a«eli«  uld CiH,0„BO. 
jL^QMtu  «titr  C.II,0-|-'*BO  jicUa  the  aame  produot. 

PRODtJCTS  ItZntTED  FROM  ACETIC  ACID  C.BADO. 
Aoetio  Mtd. »....»....    CtB,0.HO  4  toL 


CUartfCtto  uM „ „....    C.C1A.D0  4 
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PROimCTS  DERIVED  PBOM  COMPODKD  STBBBS. 
Ay  iSe  dttion  «/  Cklarin*. 

On  C»rbotiic  Bthirr C.H.O.CO, 

BiehlorlDKtcIo&rbnnie  other C.HJ^UO.CO, 

Pero1i1oria>tc(lcarbaitl««llicr 0*0,0,00, 

On  Oiiilio  other _ - - C.IT.O.f,0. 

F«T<ch1orinAtQd  oxalic  ether ~ ^ C.O,0,C.O. 

On  Aoo^rtbw. _ _ C.II.O.C.n^, 

HeUorinnted  aMtia  etlt«r. ••>••»• m.<.4..»>...»  C,U(CUO,Cin,0| 

ChloTMetic  fthiir C.d.O.C.Cl.O, 

•      ParcblorinBtnd  chloMcettc  oUicr C,Cl,0,C/;i^r 

i^  1401.  Some  chcmiaU  regard  ether  as  a  hydrate  of  bicarbaroMfld 
hydrogcr,  and  f^ivc  it  the  formula  n,U,,}{0  ;  in  which  cue  >i^^^^| 
bocomcs  a  biliydratc  of  bicjirhiiretted  hydrogen,  and  all  the  pr<nii^^| 
of  the  vinic  scries  are  conwdered  an  derived  from  the  same  radic^^H 
bicarburctted  hydrogen  C.H.,  In  thia  point  of  view,  cblorobydric^* 
other  ia  «.  chlorohydratc  of  bicarbnrfitted  bvdrogen  C.IT,,HCl,  and 
ehould  be  the  first  of  the  ficries  of  I>utcb  Uamd  C^U,a»n  CI  {§  1888): 
and  the  action  of  ehlorino  upon  clilorobyciric  ether  should  tberefoM 
yield  products  identical  ■with  thoso  cotupostng  this  series.  Now  xri 
have  Been  that  the  products  derived  frtirn  chlorohvdric  ether  exhibit 
in  fact,  the  eamo  composition  as  those  derived  from  Dutch  liqi 
hat  that  they  differ  essentially  in  their  properties ;  and  it  is  tL 
fore  evident  that  ether  cannot  be  regarded  as  a  hydrate  of  ol< 

gM. 

Other  chemists  eonsider  ether  C,H^O  as  an  oxide  of  carburettcd 
hydrogen  C\Uj,  to  -nhieh  thry  have  ^iTen  the  name  of  ethyl,  ukI 
have  liuppoeed  it  to  bL>  iho  radical  of  the  ethers.     All  attempts  Vt ^- 
obtain  thi»  liypothetieal  root  in  an  isolated  form,  have  bithertO^| 
failed ;  and  ilH  suppo»itioii  being  entirely  gratuitous,  does  not  ubmI^I 
the  explanation  of  cheoucal  reactions.*  ^H 

<*  Th«  Uioor^  »d«pt«J  hy  the  Biitlior,  La  wbioh  tJ>e  unknoira  tarbuxctt^d  fcyln- 
na  0,11,  Is  aMumeil  Ait  the  gtnrtitif;  point  of  the  etli«T  or  uloahol  iciHes,  uatitir«lX| 
French,  KBd  h   in  other  countriu  rej^firdcd  ia  n  nimtUr  monn^r  ai   th«  «utho 
regardu  tho  ihBai7  whicii  ftutimt!!  tbo  hj'Oronnrbcia  ttkpl,  C,H,.  m  Uk  rwitoal 
wtiiab  ether  ix  clin  nuidif ;  hut  litico  tlip  miu>t«rl^  itiTesUgatioas of  Prof>  Fnuklai 
irho  DCtunllj-  succeeded  jii  lioUtiriK  ethyl,  prolintrlllt/  lodiiuis  Ten  raodi  U  i 
ride  of  the  K\hy\  ifieorj',  which  rei^uires  ilcucriplion  In  a  wurk  like  Ilia  prmnt. 

D«r9r«  trcniiog  ]ia.rticuliu-l;  of  «lh;l  one  gcneikl  featoTB  ot  the  tbeoT?,  wlila 
equftUj  ftpplJM  to  ■  DuniheT  of  oUier  lufavtMiooe,  mast  h«  dcicribcd:  the  Umm 
or  ih^  pairing  or  ootOuStttiati  of  orjcsnic  eoinptniDda.    An  organic  bodj  »  mM  i 
he  pulrcd  nith  ouDthcr  when  the  InRor,  tormed  tl)(  j-flirlinj;  or  Mtg«gat«,  «at 
into  cumbtuutlun  with  thn  fonnor  wiilimit  the  former  loHJng  Its  BtteaUal 
perliea:  ciuuplo*  of  which  nlito  occur  En  Inorgutlc  ohemlsirj,  wk«i*.|^  e 
of  pljitinaio  oombincs  with  tiDitntiiiia  to  fonn  a  nav  oxUe.  the  co^peMid oddb  i 
platmum  anii amnunui,  OuncriheU  ^{  lliF^.)  Iho  ulta  of  wMch  prOKBt  the  Ml 
K«norbl  cbu'tolvr  iritU  ihonoof  vxidfcif  plniiiiiiin.     The  fonunla  of  tlie  oMPpoosd 
oxido  ig  l'tO,N,U,.  or  I'tO.lINU,.  and  it  may  be  regarded  aa  the  oaiile  ot  a  nev 
bate,  eouletiag  of  PINJI.  or  1H,SMI„  1  t^w.  ef  platinoLBi  beioK  fini  vib' 
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LACTIC  AND  BUTYRtC  FERMENTATION. 

§  1402.  Uudcr  certain  conditiona,  an  J  ivlien  assisted  by  fenn«iits, 
eagiiTS  and  thpir  congetien  experience  decotn positions  very  different 
from  those  which  take  place  in  alcoholic  fennentatioa ;  and  they 
then  give  rise  to  pecu1ia.r  ax!td»,  cnlled  lactic  and  butyric,  and  to 
other  substance?,  the  nature  of  which  is  but  little  I'noini.  Tho 
concomitant  circumstanceis  or  thrisc  which  produce  lactic  and 
butyric  firmentationa,  are  still  less  known  than  those  of  the  alcoholic 
fennentation. 

The  various  kinds  of  su;»ar,  dextrin,  migar  of  milk,  yield  a  Urgo 

2  t<imt.  nf  nmniiinU ;  in  irhicli  naae  tbe  furmiila  nf  iho  oxiitc  in  order  lo  csprus 
tlic  pbcnoiDcaon  at  pairii^s,  iroulit  bo  irrillcn  rt(N,n,)0  or  Pl(2NII,]0. 

laorgBale  cbvuuatr;  the  pairing  of  comblnfttl«tii  ia  of  lni)um  occnrrtiico ; 
Mvi  Mtc  of  Ibo  viost  Iw&iiUAU  iiu<«aoM  «f  it  i«  lli«  purlng  of  n;riti'og«o  wilh  one 
or  more  «^ai*aI#Dts  of  blc»rbarelt«ii  hydivgon  or  ol«flAiit  gns.  ir^rog*n  ramy, 
for  Ui«  raoncDt,  be  rogarded  at  a  raillcLl,  or  k  raoUtl,  of  vbiah  wnlcr  la  tli«  oxldo, 
■uirbjilric  Head  tli«  nulpliiilo.  clilorojiyilrie  aciJ  Ito  cbloridti,  etc.;  mJ  uon",  by 
purinnit  wiib  1  vcjuIt.  of  olofiant  g\t,  (mmurnvd  lu  ho  <^,IE,)  Ihero  rt»nlti  itin  cum- 
poand  0(0,]!,)  or  L\ll, :  irbioli,  if  the  Ih^ory  t>«  corrxcl,  oVKbt  to  fona  compmind* 
wltb  oiygen,  >iilphur,  dilorlue,  eic-  corrt^pijiiJiiig  to  tho  compoan^s  of  chote  •)••  i 
utob)  villi  bjdrugvD.  Tbio  ts  aetuBll;  fvuiul  tu  bo  tbo  ease,  u  wUl  be  m«s  in  tha 
deocnptioa  of  tbo  Bubatujce  C'iIIh  OI  nuihyl,  the  riJical  of  ito  osiUe  nriW,  ot- 
whioli  mtthtflic  aieohol,  or  leood-^nrit,  U  Ibc  hjdrotc,  {\  HOO.j 

HfdrageapnirMl  wilb  2  MiiitTLlont*  nf  oUlinnI  gas,  fnmu  thocomponnil  H(C,H,), 
«r  C,H,.  irlii^)!  is  tha  formula  of  g11i;1.  and  formB  do  oiido  K(C,H,  lO,  or  otiier, 
eorrcojtoiidinf;  X.»  water,  of  which  olcoliol  U  tlitt  bydraCe.  KthjrI.  L'.tl^  U  an  or- 
ganic r«diciiL  carrpspoaiiing  lo  a  tnel»I  in  inornanio  rbnmwlrj,  becHiue  it  boa 
iu  oiide  C,H,0,  it«  ctiloriiin  C,II,CI,  its  snlphi'lo  C.II.tt,  inJ  Mmilnr  compoutida 
with  ntlicr  motalloids,  and  beoaiuB  Iu  oiJdo.  iitlier,  forma  talLi  with  nctiic  corre- 
■  pondine  to  tbuo  of  »  motoltlc  boao  RO,  Clilurldc  of  etlijrl,  wbJch  Lbo  author 
Cklli  cblorobjdria  ethcTi  undtrgoeo  mutual  dceomponlioo  with  brdrato  of  po- 
ta«u,  foTMing  cbloHiIc  of  potasaiuia  And  bydratsd  oiido  of  etbji,  or  Aleobol; 
whicb  bohiLiinur  ii  ptculiDT  la  tbe  molnlii.  If  Ibo  rndi-eal  be  rMilly  birdrogM 
pairod  Willi  1'  n^iaiviilontii  of  Dlnfmul  gni,  tliuii  will  tbo  brlintinur  of  ttiiyl  be  la  all  | 
rwp«ot«  Aoalogous  to  tlmt  of  b;drnj(t<ii ;  nnd  its  cblorido,  •iilpbidn.  vtc.  will  ban 
til*  prapertlea  of  oclils  corrcnpondlnc  to  cblorokjiIriG.  siilfhydric.  etc. ;  which  in. 
In  fbott  the  oasi\  as  cblurido  of  cihyl  funu.:  double  vbloridea  with  mOiOj  metatlia 
dilaridee.  the  fonnube  uf  itUicli  may  bo  writlL-o  RCl.  [I(C,U,|C1  \  and  lli«  uercnp- 
tiiloi  tho  Ecooml  fonunla  of  which  is  lLiJ,U|C,iIi1^,  oro  iti»tiiiic«B  of  duublit  cul- 
phid«i-  Nor  does  lb<-  nnalnKr  of  hydropKn  with  it«  paired  cotopouaJj  sL>p  here  ; 
for  nx  bjdroKi^tt  fArma  rnnipnunila  with  nr>c>iii<T,  nntimnnj,  and  phanphomi,  ao  it 
1>  probablo  th«t  inollivl  H(C,HJ  aod  olbjl  HIC.H.)  will  form  niiniUr  BUbotBiiCM ; 
and  Frtnkiand  ka»  actuull]'  raeOMdcd  la  fbrniiiig  »eT«rol  of  tbem.  Caoodjrl, 
nblcb  h&H  been  Ueacribi-d  {\  1381)  f*  araeniurvttod  uetbjl,  correapuiiding  to  ar>«*  . 
niuretlod  hydruKon,  and  <Trn  pouniMnit  ill  pmpcrtio;  a  phoapburctlcd  meilijl 
hai  brea  obutined,  aimilAT  to  phoaphurolled  hf  drocea  i  and  cmnbiim  linns  of  both 
«tbyl  and  motbyl  irilb  lino,  aooonUng  to  Uio  fonntuoR  H{C,B«)Zb  aod  I1((.\II^Zbi 
ar«alTwadjrdiHOT«r«di  lb*  oorft^onding  oonpoaad  Oif  njnlr^goD,  buwovor,  bting 
jret  onknown,  which  would  toka  ifca  foimubi  UZn. 

If  hfdrogea  be  ptired  with  raoia  than  S  ot^nirftlaiita  of  olefiant  gu,  oiher  ra. 
^eal*  arc  fonne'l,  which  tboll  bo  dulj  mvationad  in  tkoir  proper  plaeea;  Utejr  tra 
te^rryl,  vahfl.  antyl,  and  »or«rnl  otb«r«,  cnrTfapondin^  U  Ibe  fomuln  H((^I1,), 
B(C,IL).  HCC..II^).  etc. 

Hydrogoo.  and  all  rndicals  forro«!l  hj  its  pairing  with  olefiant  goo.  will  again 
tarn  a  paired  oempouad  with  uxatio  ao!4  ^0»  ooiutituting  a  aorioa  of  tMa, 
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amount  of  lactic  acid  wlien  they  ar«  mixed  with  a  solution  of  di- 
astaae,  which  has  b««n  expaied  to  the  air  for  some  time.  Sprootcd 
burtcy,  wliic-h  Las  been  well  soaked  ia  water,  is  left  in  the  &ir  for 
two  or  tbreo  dayB,  and  then  bruised,  and,  after  baring  dihitod  it 
vith  vftter  it  ia  eubjectcd  for  sereral  days  to  a  temperature  of  77* 


wbiett  irili  bo  dcMribcd  ia  Uio  Uxu  It  will  cmffite  M  pmtal  to  gi*o  » t*balw 
Ti*w  of  the  fltriM,  Mince  only  out  of  these  Mids,  th»  •c«rtie,  tui  b««ti  alrtadj  d*- 
■erlbtd  In  tbc  prM«it  work. 

H7drog«D..      H  paired  with    C,0,toTa*/ermiiiaciit...  C,EIO,     or      H(C^O^ 
MrthyL CH,      "      "       C,0, 


C.B, 
CH, 


Datyrjl  .... 

Vriyl 

AttfL 

I 

t 

1 
Hugvyl..  CmD, 


or 
!!«/«  odrf......  C,U,Q,   or  C3,<G/>0 

m«f8«W«i«arirfC,n.O,  or  C.H^CgO.) 
buiyrie  ««t...  C,»,0,  or  C.tt,{C,OJ 
iMii(r«4*ML._  C«B/>,  or  C,II,(C/M 
etifnit  atid...  C^B.Aw  CMB..<<V>t) 

I  I 

I  I 

I  I 

maryarie  add  C„tl„0,  or  CmR»(C;<\) 


I 


'  n»  Berlcs  ia  B'CHly  oonplete,  %ai  it  is  probtblo  that  the  connecting  Uaki,  ap  to 
Dargarrl,  will  be  (fiaooTertd  en  long. 
In  Um  foregoing  I  bar*  «s<lMTi>uni  to  present  a  general  liew  of  ifce  tlMorr 

•dopted  in  Qcraianj  and  BiislanU,  in  rvUtion  to  org«nie  ndieiLla,  and  piaired 
MBIponnda,  without  C'ikt«riag  into  det&iU;  and  it  now  rt:tti»lD»  oa\j  %o  dtwurib* 
eba  oubMnaeeii  which.  Ii»Te  been  ilijicoTCTed  ainco  the  origtniil  w««writt«n,  and 
vhi«h  wilt  bo  Dottc9d  under  tbc  chapters  where  the  new  oompcund  ought  to  ficd 
lli  place. 

£tlkiil  C.H,. 

Thii,  for  &  Ions  time  liTpotbetJo  radical,  iaobtained  i>alat«d  hy  deoompoalag 
todobjdrio  ether,  C,I1,I,  more  propcrlj  called  icidido  of  otbjl.  by  meaaa  of  m^ 
talUc  ^no.  in  an  bormclioollj'  scaled  lobe  which  hu  beta  freed  from  oxygen  by 
exhauatioD  with  an  air.iiuujp.  TIiu  tube  oentains,  after  beinfi  healed  to  abore 
800°,  etktl  C,i(„  ulcliaut  gnu  0,1l„  ajid  methyl  l.\ir,  fgnnird  by  the  decompoaltloB 
of  a  certain  qiiiuitiiy  of  ethyl,  beside*  iodide  of  iodc,  which  with  the  methyl  foma 
iB«lhyIid«  of  line  C,11,7.ti.  The  gaaoimi  othyt,  and  the  olefiant  gas  are  broagbt 
into  a  glnaa-lube  over  mercury,  and  after  absorbing  the  oarburvito't  hydraHB  bj 
famingBoIphuric  aeU.  llio  tube  contains  pure  elbyl.  aaa  oulourli^iB  and  iBoSoraoa 

Saa,  baruiug  with  0  brilliant  white  ItuiDe,  nud  coudenaing  at  BA"  tonrny  mohilo 
tiii].     The  dcnedly  of  Llie  gas  being  2.000,   ila  formvla  C.U, corrcipauds  U2 
velumo. 

Slibttkyi  SbC„H,^ 

By  raoLstenlnrg  with  lodobydrlc  ether.  In  a  amall  flask,  a  nlxtoM  of  antimoni- 
uret  of  putoeainm  with  i|iiariiii«H  aandt  and  diBtilting  aa  boob  aa  iodobydrio  ethor 
no  longer  evaporaleB,  the  receiTcz  ia  found  to  cootiua  tUhttApl,  a  oompoond  of  ao- 
timony  with  9  eiguivalcDta  of  ethy),  cvrrctpendinfc  to  antimoniiuwtlod  hrtrogm 
Sbli„  arti  Ihc  fortnuln  of  whiah  it  SbC,,!!,,  or  rather  Sh.ailjr.K,).  Sifbeuiyl.  it  a 
very  tnahile  nitil  hij^liiy  rofrnciing  flnid  of  a  diaagreeablo  alllaceotiB  edoar,  of  the 
denxity  1.32-1,  boiling  at  AI7.3^  and  yielding  a  Taponr  of  the  deeaiiy  otlAiO,  aa 
that  its  equi*al«nt  oorrefpondt  to  4  Toltuiieu.  It  i>  anlnbie  in  aleohal  and  aikcr, 
and  a  drop  of  the  solutlun  Iguitei  in  the  air. 

A  eompound  Sb,H(C(II|)  baa  also  been  obtaiocd. 


ai»meiVBiC„n,^ 
It  la  obtained  with  blamuth-pauaalum  tlmllaJ-ty  aa  stlbethyl  la 
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or  86°.  The  ttnrch  of  the  barle;  Is  first  coovert^d  into  f;lucoee  by 
the  du«U»e,  arter  wliicb  Inctic  fermentiilion  is  developed  by  the 
inflnence  of  the  n.ir,  and  the  liquid  becomes  rery  acid  by  the  quan- 
tity of  lactic  acid  formed,  which  ia  then  saturated  wilh  lime,  evapo- 
rated to  the  consistence  of  ayrup,  and  treated  vith  boiling  alcubol, 
which  diseolvea  the  lactate  of  lime. 

Lactic  acid  is  atUl  more  eatiily  obtained  by  means  of  milb,  whleh 
contains  at  the  same  time,  the  fermcntiD»  eubstance-,  sugar  of  mi'jjt, 
and  an  stbuminoid  matter,  casein,  which  acts  u  a  ferment,  or  gene- 
rates it.  When  it  i»  allowed  to  sour  in  the  air,  or  ta  turn,  a  coag- 
ulum,  which  is  a  combination  of  lactic  acid  with  cft»ein,  is  rormed; 
and  if  bic&rbonate  of  soda  be  added  to  neutralize  the  acid,  lactate  of 
soda  18  formed,  while  the  cusein,  tliua  set  free,  again  acts  nit  a  fer- 
ment on  the  sugar  of  milk,  and  converts  an  ad'iitional  quantity  of 
it  into  lactic  acid.  A  new  cougultmi  of  liKtutc  of  cnsoin  is  thoa 
formed,  which  'n  also  decomposed  by  bicarbonate  of  goda ;  and  the 
procesa  15  continued  until  no  caseous  procipitute  of  lactate  of  casein 
IS  formed,  thai  id,  uulil  tlio  sugar  of  milk  is  wholly  decomposed.  At 
the  c\<yac  of  the  operation,  acetic  acid  is  poured  into  ibu  liquor, 
which  is  then  boiled,  when  the  cnsein  is  wholly  precipitated  in  the 
form  of  acetate  of  casein.  The  filtered  liquor  is  evaporated  to  dry- 
ness and  the  residue  treated  with  boiling  alcohol,  which  dissolves 
Uu  lactate  of  soda.  Instead  of  the  augar  of  miUc,  glucose  or  even 
cane-«agar  may  be  added,  but  the  lactic  fermentation  of  the  latter 
kind  of  sugar  ie  very  slow,  and  ia  order  that  it  may  take  place,  the 
cano-augar  muat,  probably,  be  previously  converted  into  fruit-sugar, 
which  transformation  is  very  slow,  because  it  is  essential  to  lactic 
fermentation  that  the  liquid  should  not  contain  much  acid. 

Other  ftlbuminoid  subslnnces  may  be  substituted  for  casein:  the 
pmseuco  of  fatty  sabstonces  apppears  to  assist  tbe  formation  of 
lactic  acid,  and  some  chemists  even  suppnac  it  to  be  essential. 

The  formula  of  lactic  acid  being  CaII,0»-t-m>.  2  equivalents  of 
the  acid,  therefore  contain  all  the  elements  nf  an  equivalent  of 
fruit-sugar  C,fn„0,i;  whence  it  may  be  admitted  that,  in  laetie 
fermentation,  the  molecules  of  sugar  merely  change  their  grouping, 
without  the  intervention  of  any  new  elements  in  the  reaction. 

S140S.  When  liquors  which  have  undergone  lactic  fermentation, 


tia)ontar«t  of  potauium,  and  bahiiTes  aii«logou«  to  itibcthjrl.  froia  vbich  U  djffvr* 
esMDtl&tly  by  dvcompoiiDfr  at  .i  certain  t«oi|ierainr«  wllh  a  powerful  eiploaion. 
It  is  &  mobile  lliiiJ  (if  Itic  Oun-iity  1.62,  uud  u  kigblj  cUsacmnbli.'  tijuur;  tii  ilit 
air  it  tfarows  out  thick  fumes,  iuflami;*  with  a  sligbt  explosioa  AU-i  diJIuam  ft  licep- 
j«U«ir  ainolM  ofox^d  «f  bUmutk     Compcntion,  Bi,SU((;,U,}. 

ZmekelAj/l  7mCJI  , 

It  IB  Rimwii  in  Ibo  ittcompmitioii  nf  iixiubjrdrio  ether,  <xr  iodiJe  of  clbjl  bj 
line  BDt)  itf  fonoulft  L<  /.B.IIiO.tT,).     In  contact  vltli  tlio  airilbunu  vidi»bm- 

liaat  fla^moi  giving  uS  iciue  t\uuu  «f  uudi  «f  siac—  W.  L,  F. 
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are  left  to  themsolve«  for  a  longer  time,  another  fenn«Dtation  b  it- 
T^ped,  and  a  new  acid,  called  Imtj/ria  a  formed. 

lutrodoce  into  a  large  bottle 

1.  A  Bolution  of  glucose,  marldng  8  or  10*'  of  Bauni§. 

S.  A  quantity  of  chulk  equal  to  one-half  of  the  sugar  uscU. 

3,  A  quantity  of  c;isein  representing,  in  tlie  dry  stale,  8  or  10 
per  cenL  of  tb.c  weight  of  sugar  contained  is  the  solution,  for  wliidi 
purpose  cither  cream-cheese,  or  Brie-cheese  is  nsed ;  freahljr  pre* 
irod  glncen  mar  also  be  substituted  for  the  caaein. 

Tbe  Bugar  is  first  tranaformctl  into  a  viscous  Bubstancc  whicli  has 
[llitlierto  been  but   little   BtuJiwI,   and  thea  into  lactic  add,  large 

aoantities  of  which  may  by  obtainod  hy  arresting  the  operation  at 
le  proper  moment ;  vftilo  if  it  he  continut'd  longer,  the  lactic  neid 
lis  finally  canTcrtod  into  butyric  acid,  and  a  mixture  of  hydrogen 
I  and  carbonic  acid  is  diwngaged.  The  butyric  fermentation  is  not 
igencr&Uy  completed  until  2  or  3  months,  after  which  the  liquid  con- 
1  tains  a  mixture  of  butyrate,  lactate,  and  ucetute  of  lime. 
The  formula  of  butyric  acid  being  C,H,0,UO,  wo  have 

C.JIoO„=C.H,0,,UO+4H+4COr 

•which  equation  aecounta  for  the  evolution  of  hydrogen  and  carbonic 
acid  during  tko  butyric  fermentation. 

In  urder  to  prepare  large  quantities  of  lactic  and  butyric  aoiilf 
S  killog.  of  sugar  arc  di^olved  'm  13  Icillog.  of  boiling  water,  ta 
■which  15  gm.  of  tartaric  acid  have  Iceen  adued,  then  rotten  clicew 

,  IB  added,  diluted  in  sour  miUc,  nod  loOO  gm.  of  powdered  chalk, 
I  irhole  is  exposed  to  a  teroperalure  of  dti°  to  95°,  and  the  maci, 
Bg  shaken  Irom  time  to  time,  bocomca  complotely  solid  in  8  or 

'  10  dap.  It  19  tlien  boiled  for  half  an  hour  with  10  litres  of  water 
containing  10  gm.  of  quick-lime,  and  after  filtering  the  liquid  and 
oruporutiug  it  to  the  coneiatencc  of  aynip,  it  is  ailowcd  to  crystal- 
Hec.  The  crystnlg  of  lactate  of  lime  being  rediesolvcd  in  2^  tiia« 
their  weight  of  boiling  water,  100  gm.  of  eulphiiric  acid  dilated 
■with  il8  weight  of  water,  are  added,  in  order  to  prccipitala  the  lime 
iu  the  state  of  sulphate,  and  isolate  the  lactic  aoid ;  after  which  ibo 

rftcid  liquor,  when  filtered,  is  boiled  with  carbonate  of  xinc,  which 

'  fon&i  sulphate  and  lactate  of  zinc,  a  portion  of  which  Utter  salt 
separates  in  crygtalline  crusts  during  the  cooling  of  the  liquid,  while 
an  additional  portion  ib  removed  by  again  concentrating  it.  The 
lactate  of  zinc,  purified  by  a  second  cryittalliiation,  is  subjected  to 
the  action  of  sulfhydrie  amd  gas,  and  yields  pure  Inctio  ooid. 

The  compact  maw  which  has  yielded  lactic  acid,  being  again  left 
to  itself,  at  a  temperature  of  98°,  becomes  liquid  and  discnguM 
gas;  and  in  5  or  (^  weeks,  the  new  fermentation  is  terminated.  Tu 
uquid  10  then  diluted  with  its  weight  of  water,  and  a  solution  of  4 
killog.  of  ciurboiiatc  of  soda  ts  added,  which  precipitates  the  lime  in 
tbe  state  of  carbonate  and  fomut  butyrate  of  soda.     The  liquor, 
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when  filtered,  ia  evaporated  until  it  occupica  only  a  Tolumc  of  4  or 
5  litres,  when  3  kiluc.  uf  sulphuric  acid  diluted  with  iu  vuluiuo  of 
water  arc  added.  The  liquid  iKcq  ecpnratcs  into  two  Inyem,  the 
upper  one  of  which,  conBisting  of  butyric  acid,  is  removed  and 
brought  into  contact  with  chloride  of  calcium,  and  diittillcil.  A 
Kingle  operation  may  yield  as  much  as  1  kilog.  of  pwo  butyric 
acid. 

Lactic  Acid  C,H,0„HO. 

§  140'(.  Luetic  acid,  concentrated  as  much  as  poseiblo,  in  vacuo, 
over  sulphuric  acid,  is  a  colourless  liquid,  of  a  density  of  1.22,  and 
Boluble  JQ  all  proportions,  in  water  and  aleoliol.  Its  composition  is 
represented  by  the  formula  C,U,<)j,llO,  the  enuivalcnt  of  wutor 
buin^  eajxablo  of  being  replaced  by  1  cquiv.  of  base;  and  when 
subjected  to  boat  it  given  off  it«  equivalent  of  water  at  about  260'^^ 
and  is  changed  into  aubydrou4  lactic  acid,  C,H,0„  which  U  solid, 
fonble,  very  slightly  soluble  in  water,  but  dissolving  readily  in  al- 
oobol  and  ether.  In  contact  with  water  or  uioiat  air,  it  pa«80B 
slowly  into  the  state  of  hydrated  lactic  acid.  AnhvdroUA  loctio 
acid  combines  with  nmmoniucul  gas,  and  yields  a  prouuct  of  which 
the  formula  is  N11„0,H,0.. 

When  heated  to  -^2°  lactic  acid  is  further  decomposed ;  and 
togetlier  with  other  producta,  a  white  crystalline  subacaucc  of  the 
formula  GfUjO^,  h  formed,  which  molta  at  224.G°,  and  sublimes 
without  change  at  about  482°.  It  combines  with  ammoniacal  gas 
and  forra»  a  compound  NHj.C,H  O^  lactumtti,  wliich  dissolves  with- 
out change  in  water  ami  alcohol.  The  substance  0^11,0,,  wbieh 
has  been  improperly  called  anhydrous  lactic  arttf,  combines  readily 
with  water  and  reproducoH  hydrated  lactic  acid.* 

Tho  lactates  of  potaesa,  soda,  and  ammonia,  aro  deliqoesoent, 
and  crystallixe  with  difficulty. 

Lactate  oflime  crystallises  in  email  radiating  aciculec  of  the  for- 
mula CaO,CjHjO,  +.'JHO,  and  loses  it«  13  equtv.  of  water  iu  vacuo,  or 
at  a  temperature  of  212". 

Lactate  of  zinc  ZnO,C,lI^Oj+3UO,  dissolves  in  58  parts  of  cold, 
or  6  of  boiling  water,  and  bears  a  temperature  of  410*^  without  de- 
composition. 

Protolaotate  of  iron  FeO,C,H,0,-i-8HO  is  prepared  by  mixing 
•oh^ODa  of  lactate  of  ammonia  and  protochlonde  of  iron,  and  pr«- 
fiipjtating  by  alcohol,  or  by  deeompoaing  lactate  of  baryta  by  proto- 

■  BulphAte  of  iron.  After  having  separated  the  sulphate  of  baryta, 
alcohol  is  added  to  precipitate  the  lactate  of  iron  in  the  form  of 
small  yellow  acicuW.     The  salt  is  used  in  medicine. 

I  Lactates  of  copper  and  silver  are  obtained  by  boiling  the  carbon- 
ates of  these  metals  with  a  solution  of  lactic  acid,  and  tneir  formula 
are  CuO,C,H,0,+2UO,  and  AgO,C,U,0,+2IIO. 


*  It  is  uiuall;  uUsd  laetidt. — /.  C.  B. 
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Leutie  titter  C,HjO,C,n,0,  is  obt»inc4  by  distilling  2  porta  of 

drie-i  pnwvlcrcd  lactate  of  lioiu,  with  a  mixlure  of  2  parts  of  nnliy- 

drotut  nlcotiol,  and  2  parts  of  conccncr«t«d  sulphuric  acid,  the  dis- 

ktOlntion  being  arrerteil  at  tbe  moment  the  liquid  begins  to  torn 

''IroTm.    The  prodact  is  rectified  over  chloride  of  caJciam,  ftad  « 

l-eo1onrle5A  liquid  obtained,  hxring  a  pccuUur  odour,  a  dcnnity  of 

0.866,  nod  boiling  at  170" :  lactic  cthor  dissolves  in  water,  alcohol, 

and  rthpr,  and  in  dcoampoacd  by  the  alkalies,  yielding  alcohol  and 

lactic  acid. 

Buisric  Acid  C,H,0,.HO. 

§  1405.  Butyric  acjd  a  a  colourlesa  liquid,  of  an  extremely  di»- 
^rg^oeablo  odour,  and  the  smell  of  rancid  butter  is  owing  to  the  |a«- 
(MDce  of  a  small  quantity  of  this  acid.  It  »)Iidi&e«  at  tho  tempera- 
ture of  solid  carbonic  acid,  and  bnil»  at  827.2^.  It  di^solres  in  all 
ntipoTtions  in  water,  alcohol,  and  spirit  of  wood,  and  ita  density  is 
■6.963,  while  that  of  its  vapour  is  3,09,  it«  cquival«m  C,H,O,,H0, 
©orrcaponding  to  4  vol.  of  vapour.  Batyric  acid  ia  inflammaulc,  and 
chlorine  acts  on  it,  ri^ldinj;  two  cbloriiialcd  butync  acid^  of  which 
the  formulffi  are  C.fl,CI,0,,liO  and  C,H,CI,,0„HO. 

Butyrates  of  potaaaa,   soda,  and  auunonia,  aro  very  soluble  in 
water,  and  cryntallize  with  diflicnlty. 

Butyrute  of  lime  is  much  less  soluble  hot  than  cold,  and  a  solatioo  irf 

Ltbo  Salt,  liaturatci]  at  &  low  tempcrnlurv,  e«t9  into  a  mus  when  heat«d« 

''     Tlie  fominltt  of  biuyrate  of  barytn,  which  is  depo^uted  from  a  hot 

Solution,  is  BaO,C,nyO,  +  2HO,  while  that  of  cryelala  developed  ia 

a  cnld  snlminn  i;i  BB<),r',nrOj+4FIO,  which  latter  salt  meluia  in 

its  own  water  of  crystallinfttion. 

Bntyvate  of  lead  is  precipitated  in  the  form  of  an  insoluble  liquid, 
Trhich  seta  after  some  time. 

Butyric  tvcld  forms  a  compound  ether,  which  ia  easily  preured 
by  mixing  100  em.  of  butyric  acid,  100  gm.  of  alcohol,  and  50  gm. 
of  sulphuric  ueid,  and  ehuKiiig  them  for  somo  momentii.  when  a  layer 
of  iK(yn>  ftfier  forms  on  the  surface  of  the  mixture.  It  is  washed 
■with  water,  and  purified  bv  chloride  of  culciuui.  Butyric  ether, 
tiiough  but  slightly  soluble  in  water,  is  very  soluble  in  aloobol,  and 
[loiJs  at  280S  and  its  formula  is  C,II,0,C.H,0,. 

Ammonia  reacts  on  butyric  ether,  and  produces  huiyramid  NTT, 
C.H,0..  - 

C,H,0„HO+KH.=NH,,C.H,0,+2nO;  ■ 

the  butyric  ether  gradually  disappearing,  and  the  aqueous  solution, 
vhen  evaporated,  yielding  pearly  cryBtals  of  butyraniid,  which  melts 
ftt  239**,  and  sublimes  at  a  higher  temperature  without  decomposition. 
Butyrato  of  lime  yitdds,  when  lipiiled,  an  odorous,  inflammable 
liqiiid,  boiling  at  about  '2ii4°,  and  called  b^ut^rom.  Its  formula  a 
C^ljO,  and  it  arises  from  the  following  reaction: 

c»o,q,ii,o,=CaO,co,+c^o. 
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Bj  operating  on  coctidorable  qunaUtics  of  butyratc  of  lime,  titers 
is  formp(i  -witli  the  butyrone,  a  more  voklJle  liquid,  l)oiliog  at  203', 
of  the  formolft  C,U,0„  and  which  hu  b«cii  csUod  btUtfral.  Buty- 
ral  C,II,0,  Uto  butyric  acid  C,IIjO,,II0  what  aldehyde  C,II,0,iB 
to  acetic  acid  C^Il,Oj,UO,  whicb  comparison  is  coofirmod  by  the 
cbemical  properties  of  butyritl,  since  it  oxidixm  in  the  air,  particu- 
larlv  when  aided  by  plAtinum  sponpo,  and  is  converted  into  butyrio 
acid.  It  reduces  uxidc  of  silver  like  aldehyde,  tbo  metallic  silver 
forming  a  coating  on  the  surface  of  tho  vessel. 


fiPliUT  OP  WOOD.  OR  METflYLIC  ALCOHOL,  ASD  THE  l-KODl'CTS 
DERIVED  FROM  IT. 

J1406.  By  subjecting  wood  to  distillation,  tlicro  ia  obtained,  in 
addition  to  the  gniseoa?  products,  iin  aqutaaa  acid  liquor,  which  con- 
tains a  great  number  of  different  Bubstanocs ;  that  -which  imparts  to 
it  its  acidity  being  acetic  acid,  the  method  of  tho  extraction  of 
vhich  has  been  described  (S  18T0).  There  also  exists  a  volatile,  in- 
flammable liquid,  called  »pirit  of  wood. 

The  proportion  of  this  liqmd  varies  according  to  the  nature  of  tho 
irood  and  the  temperature  at  which  the  calcination  l»  effected,  and 
it  generally  reaches  1  per  cent,  of  the  whole  quantity  of  fluid.  It  is 
mixed  with  acetone,  aldehyde,  mcthylacctic  ether,  and  two  volatile 
snbstfincos  to  which  the  names  of  7ne»ite  and  xylite  have  been  given, 
and  lastly,  a  pitch-like  mutt<T  is  abo  found.  The  liquor  is  saturated  ' 
with  slaked  Umc,  which  uttuclfs  the  acidd  and  a  portiuii  of  tht>  tarry 
substances,  after  which  llic  cluriticd  liquor  is  decanted  anddi!4ti!l»d 
antil  tlie  fin^t  teritli  ia  colleelvd  in  the  receiver.  This  Gr«t  product, 
wbich  contains  nearly  tho  whole  of  the  spirit  of  wood,  is  again 
distilled,  with  a  small  quuuttiy  of  lime  to  decompose  the  methyl- 
acetic  ciher,  and  convert  it  into  spirit  of  wood.  The  first  portions 
distilled  are  alone  collected,  and  by  continuing  these  fractioned  dis- 
tillations, Iii^lUy  concentrated  spu'it  of  wood  is  finally  obtained, 
which,  wht-n  distille<l  over  lime.  yifld«  anhydrous  spirit  of  wood.  Thii 
is  sufficient  for  all  purposes  of  commerce,  but  in  order  to  eepaiate 
the  pure  principle,  methyltc  alcohol,  from  it.  It  is  treated  with  twice 
its  weight  of  melted  and  powdered  chloride  of  calcium,  with  which 
mcthylic  alcohol  forms  a  crj-stnllino  compound,  resisting  a  tempera- 
ture of  2X2."  without  decomposition.  It  is  heated  in  a  water-bath,  i 
when  the  greater  portion  of  the  foreign  products  distib  over,  and 
the  compound  of  mcthylic  alcohol  with  chloride  of  calcium  remains. 
By  treating  it  with  water,  it  is  dcatrwycd,  and  the  mclhyhc  alcohol 
ia  set  free,  and  aeparatod  by  distillation.  The  product  again  dis- 
tilled over  quick  lime,  yicldit  pure  and  anhydrous  mcthylto  alcohol. 

$  1407.  Methylio  alcohol  is  a  colourless  liquid,  of  a  peuullar 
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Water  dissoIvM  about  37  timefi  its  volume  ef  it,  and  it  is  Btill  more 
soluble  in  ordinary  nnd  methyl  ic  alcohol.  As  ne  hare  been  leil  by 
chemical  reactione  to  write  the  fonnula  of  alcohol  C.HiCHO,  so  algo 
wc  shall  Ijp  induced  to  write  that  of  methylic  alcnliol  C,H,0,HO.* 

§  1410.  By  difltniiiiR  1  part  of  methyHo  alcohol  with  8  or  10 
parts  of  concentrated  sulphuri'O  acid,  very  little  mctbylic  ether  is 
obtained,  but  an  olea^nous  Uijuid  di>»tillH  ovtT,  which,  when  washed 
Mreral  titnrs  with  water,  and  then  distilled  over  cao.'^tic  baryta, 
presents  a  com  position  corresponding  to  the  formula  C,n,0,SO,.  It 
IB  vuthyltiulphitrv:  ether,  that  its  »■  compound  ether,  formed  by  the 
combin»iioTi  of  metbylie  ether  with  sulphuric  scid.  The  correspond- 
ing compound  C\1I,U,S0,  of  the  alcohol  wrics  has  recently  been 
obtained. 

This  product  is  also  obtained  by  the  direct  combination  of  mothy- 
Hc  ether  CjII.O  with  anhydrous  sulphuric  add,  the  combination 
being  nccomptinicd  mth  great  evolution  of  heat. 

Met hyUiiilpIi uric  ether  is  a  colourlcia  liquid,  of  the  density  1.324, 
And  which  boils  at  3T0.4°;  the  density  of  its  vapour  being  4.87, 
and  its  utjuivntcnt  therefore  rcprcsciitcd  by  2  vol.  of  vapour. 
Metliylsiilphuric  ether  is  slowly  deeompopt'd  by  cold  water,  hut  very 
rapidly  by  boiling  water,  the  products  of  dccr-mpo^'ition  being 
methylic  aleobol  C,n,0,HO,  and  sulphomethytic  aciii  C,II^0.2SO,. 

Dry  nmmouiacal  gas,  and  the  aq^ucous  solutions  of  ammonia,  de- 
compose raethylsuli)huric  other,  forming  a  wliite  crystalliJiablG  sub- 
stance, which  lius  been  called  aulphomeihylam,  and  also  methyltui- 
phamidic  ether,  re^iirding  it  a:!  a  compound  ether,  formed  by  a  pe*- 
ctiliaracid,  mcthyhulpkamidic,  which  bus  not  yet  been  iaoUted;  the 
formola  of  llnis  suLstunce,  in  fact,  may  be  written 

C,H,0,(NH.SO«SO^ 

§1411.  By  introducing  Rnhydron.i  methylic  alcrfiol  and  nnhy- 
drOQS  sulphurio  acid,  separately,  into  two  open  tubes  entering  a  Tery 
dry  bottle,  which  is  then  corked,  their  vapours  combine  slowly,  and 
an  acid  'n  formed,  yielding,  with  baryta,  a  soluble  salt  having  the 
sam«  formula  is  the  solphoraethylate  of  baryt.i,  but  differing  m  its 
properties.     It  is  therefore  nn  isomeric  of  sulphometbylic  acid. 

I  1412.  By  causing  sulphuric  acid,  nnder  the  most  varied  circum- 
stances,  ta  act  on  mctnylit;  alcohol,  it  has  hJthorto  been  impoft-^ible  to 
obtain  acarburetted  hydroEcn  C,1I,  which  shall  be  to  metnylic  ether 
C,H,0,  what  defiant  gas  C,H,  ia  to  ether  C.H^O. 


*  M*lbjli«  »iher  is  vith  mon  pr«pri«tj  coiled  nsLlicr.  and  r«gArd«d  u 
Um  uride  of  a  rartlcMt,  t'.H.,  or  il(C,H,),  irUek  bu  beta  iiolmcJ,  iekI  oiiIM 
■iMthjL  Tho  rolloning  mcnta  at  compatuiilii,  c>Up<]  \a  tho  Icit  i-nirpnuDilj)  o( 
aicthjltc  rUier.  and  mcthjlic  ooidn.  should  ihrrvftirc  rnlhcir  b«  ngw^l^aa  mIm 
«r  lheoild«of  molh;).  <ir  mother:  ibo  melhjUc  acids  liebg  iMFaCTMM'aUto. 
The  ownes  of  niBtbvluLii(ric,  mclh^rlozallc  utliu.  ttu.,  wodi  dm  cbuga  la  n- 
■pcotiTal;  mlrat«  of  motlier,  «t«. —  T.  i,-  P. 
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Ether*  compounded  of  Methylie  Ether  and  Meihylie  Andi. 

§  1413.  Compound  methylio  ethers  are  formed  under  tba 
circamstanoes  as  compound  nlcobolio  others,  and  exhibit  the  uii 
relations  of  compoation.    As  in  the  c»so  of  alcohol,  two  species  ■ 
comliinutinns  of  methylie  ether  with  acids  are  knoim;  neutral 
pounds,  which  are  compound  methylk  eihert  properly  so  called,  i 
add  compounds,  containing  a  double  proportion  of  acids,  and  w' 
ve  fihall  call  methiflic  acids.    Certain  adds  form  both  kinds  of  i 
pottndfl,  an  exiLinpIo  of  which  hiu)  jti»t  boon  sbovn  in  sulphuric  acid 
while  others  produce  only  the  neutral,  and  otlicrs  again  onlj  the' 
acid  compound. 

Methylonitric  Ether,  C^O,NO,. 

1 1414.     Tiio  proparalion  of  this  substance  is  not  so  difficult  i 
that  cd*  the  nitric  ether  of  the  viinc  aeries ;  eiuce  nitric  acid  of  coo 
merce  maybe  made  to  react  immodiatcly  on  nielhylic  alcohol,  -wii 
out  any  fear  of  the  tumultaooa  and  compLcntcd  reactions  which 
add  exorta on  vinic  alcohol.    The  best  luctbod  of  f repuriii"  methyl 
niUic  ether  conaista  in  heating  in  a  retort  a  mixture  of  1  part 
methylie  ulcohol,  1  part  of  nitrato  of  potnssa,  and  2  parts  of 
centr&tod  sulpburie  acid,  when  an  etherial  liquid  ia  obtained  wt 
muBt  he  rectified  several  times  over  litluirge  and  chloride  of  caldn 

McUiylonitric  ether  is  a  colourlogs  h(|iiid,  of  the  density  1.1^ 
and  which  boils  ut  lo4.4°;  and  the  density  of  its  vapour  I 
2.60S,  il3  equivalent  CaIl,0,NO,  is  roprescuted  by  \  vol.     M« 
tonitric  ether  detonates  with  estrcmo  Tiulcncc  at  a  t<-mpcrab 
slightly  abavo  its  boiling  point,  and  must  therefore  be  bandied  « 
great  caution. 

A  methyloytitrotta  ether  C,H,0,NO,  would  probably  be  obtail 
by  distilling  a  nwcture  of  concentrated  sulphuric  add  and  incill} 
akobd  nlLo  nitrate  of  potaesa. 

Methylocarbonio  Acid  0,II,0,2CO,HO. 

§  1415.  By  passing  a  current  of  carhouic  acid  gas  through  ai 
lution  of  baryta  in  airhydrous  mothvlic  alcohol,  a  prceipilato  rcea._ 
in  the  form  ol  pearl-libc  spoEgles,  of  the  formula  BoO(C,H,0,200J 
which  ift  the  earliometJiylate  of  baryta.  The  Ball  is  ingolcblc  ? 
methylie  alcohol,  but  dissolves  readily  in  water,  being  soon  dccoo 
posed  into  carbonate  of  baryta,  carbonic  acid  and  methylie  alec 

M  ethyl ocarbonic  ether  C^H,0,CO^  has  not  yet  beou  obtainod^ 

Methyhxalic  Ether  C^,0,0,0. 
§  141fi.  This  product  is  prepared  bydistiUing  a  mizture  of  eqtwl 
parts  of  crystalbiL-d  oxalic  acid,  concentrated  aulpliuric  acid,  ai  ' 
methylie  alcohol,  when  a  liquid  is  obtained  which,  when  allowed  ' 
evaporate  epuntaiicoualy,  deposits  white  crystaln  of  methyloxn' 
aciii.     The  crystals  are  dried  bctweca  tiiisue  paper,  and  distill 
over  litharge. 
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McthvIox&Uo  ether  is  a  solid  Bubstaccc,  melting  at  128.8°,  tad 
boiling  at  321.8".  It  disgolvM  in  vater,  alcohol,  ether,  and  nietb^lic 
ether;  and  water  deeomp^scs  it  slovtj  at  the  ordinarj  tcmpcratttic, 
and  rapidly  nt  the  boiling  point,  forrning  free  oxalic  acid  and  mc- 
thylic  alcohol.  This  ether  is  dooompoacd  by  dry  ommnniacnl  gaa, 
and  converted  into  a  crystalline  substance,  of  wluch  beautiful  crys- 
tals arc  obtained  by  radiHSolving  it  in  nlcobo],  and  wbieh  may  be 
considered  as  a  methylozamic  tther,  C,H,0,(N1:I,C,0„C,0,).  If  a 
Urge  Quantity  of  nmmoaia  in  Rolution  be  nsed,  mctbylic  alcohol  and 
^tmoia  NUfCgO,  are  obtained. 

Methyiacetie  Ether  C,H,0,C,H,0,. 

S 1417.  It  is  obtained  by  distilling  3  partd  of  niethylic  alcohol 
irith  1  part  of  munotiydruted  aci:tic  acid  and  1  part  of  cnncentrated 
sulphuric  aeid.  The  product  is  poured  ovor  powdered  anhydrous 
chloride  of  calcium,  und  shaken  frcrjucntly,  when,  by  nllnw-ing  the 
liquid  to  rest,  two  layers  arc  formed,  iLo  upper  one  of  which,  when 
distilled  over  quicklime  to  retain  the  sulpburous  acid,  and  then 
over  chloride  of  calcium  to  retain  a  small  quiiutity  of  methylic  alco- 
hol, yields  pure  uicthyUcctic  ether.  It  is  a  colourlcsis  liquid,  hav- 
ing an  odour  reseinblinjij  that  of  acetic  ether  of  the  viuic  nerles,  and 
Hb  denait^  is  D.ltli",  while  it  boils  at  136.4*.  The  density  of  its 
vapour  being  2.57,  its  equivalent  0,11,0.0,11,0,  ia  represented  by 
4  vol.  of  \-apoar.  It  has  boon  shown  (§  14iJ'3)  that  crude  spirit  of 
wood  always  contains  a  certain  quantity  of  tluH  substunce.  Itolling 
water,  and  the  alkaline  solutions  particularly,  decompoee  it  into 
mctbylic  alcohol  and  acetic  acid;  and  it  diKsolvca  in  2  parts  of 
water,  and  mixes  in  all  proportions  with  vinie  and  methylic  alco- 
hol and  with  ether. 

Metfiylochlorocart'onic  Kther  C,n,0,CgO,CL 
§1418.  This  ether  is  formed  under  circurastuncea  analogous  to 
thoee  in  which  the  corresponding  product  of  the  vinic  series  is  pro- 
duced, that  n,  by  ptmring  methylic  alcohol  into  a  bottle  'filleil  with 
chlorocarbonic  f^as  COCl.  By  treating  it  with  water,  an  oily  liquid 
separates,  which  is  distilled,  after  being  well  washed  with  water, 
first  over  chloridQ  of  calcium,  and  then  over  oxide  of  lead.  It  ia  a 
colourlew  liquid,  of  a  sufTncating  odour.  Ammonia  dissolved  in 
water  decomposes  it,  chlorohydrate  of  ammonia  and  a  deliqaescent 
crystalline  suhstanee  called  urethylan  being  formed;  which  lat- 
ter, however,  may  be  considered  as  methylocarhamie  etktr,  for  ha 
formula  can  bo  written  C,1I,0,(N1J^C0,C0^. 

^^Miethjfhh^oraeic  EtA^r  CiHs^t-BOt  anil  Trimeihylohoraeic  JStker 

H  3C,II,0,B0,. 

^M    §1419.  By  treating  mcltedand  find;!;  powdered  bomcioacid  with 
^^petbylic  alcohol,  a  combination  ensues  willi  elevation  of  temperature; 
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iCTCral  times  witK  water,  and  then  Jistillc*!,  first  OTcr  chloride  of 
Mlciom,  anci  then  over  oxido  of  lead,  hia*  colourless  liquid,  boil- 
ing bctffeen  104°  and  122° ;  whilu  ita  dcniutj  ia  2.287  at  69.8o. 

Methylojlmhjfdrtc  Ether  C,H,n. 

§  1423.  This  simpl*  «thw,  the  corresponding  one  of  ■which  in  tho 
ritiic  Miies  is  not  vet  known,  is  prepared  hy  heating  ia  a  retort^ 
niethjlosnlphnrio  ether  C.FfgO,SO,  irith  flnorido  of  potttSMum,  or 
tilno  with  fluoride  of  calciiuu  reduced  to  ud  impalpable  ponder; 
when  a.  colourless  gaa  is  diaengngod,  of  (in  agreeable  ctherini  smell, 
bnniing  with  a  bluish  flame,  and  of  which  the  density  is  1.186 ; 
vhDe  its  pfiuivatent  CjIIjFl  corresponds  to  4  Tolcimes.  Water  dia- 
•oItgs  1^  time  ita  volume  of  iL 

Methylocyanohijdric  Ether  C,H,Cy. 

$1424.  In  order  to  obtain  this  ether,  it  is  sufficient  to  distil 
BWtliTloiiulphuric  ether  with  cyan  ide  of  potnitsinni,  or  6nety  pal  vcHzed 
oyMude  of  mercury;  when  it  is  obtained  as  a  liquid,  insoluble  in 
water,  and  very  poisonnns. 

Methylosulfhifdrie  Ether  C,HjS  and  it»  Compounds. 

§  1425.  Metfayloeulf  hydric  ethor  ia  prepared  by  passing  a  currcDt 
of  methylochlrobydric  elner  C,lIjCl  tliroupli  an  alcoholic  solution  of 
moLosulphide  of  potasaium,  heating  the  liquid,  and  collecting  the 
distilled  Tiroducts  in  a  well-rnoled  receiver;  after  which  they  are 
vaifaed  with  water  and  distilled  over  chloride  of  calcium. 

Methyl osidf  hydric  ether  is  a  very  volatile  liquid,  of  an  extremely 
disagreeable  smell,  and  its  density  is  0.84()  at  (id.S",  while  it  b<nls 
at  105.8'*.  The  density  of  its  vapour  is  2.11t'>,  and  its  equivalent 
C,H,S  corresponds  tu  2  volumes  of  vapour,  like  metbylic  ether 

Methylosulfliydrie  ether  i*  a  eiuiplc  elhor.  which  forms  a  great 
number  of  compound  ethers  by  combining  with  ck-ctro-negaAive 
■olphides;  and  the  priiicipiil  uf  these  compound  ethers  are: 

51426.  Methyhmifhyiiric  Alcohol  C,U,S,I1S,  or  metbylic  alco- 
hol C,n,0,UO,  in  which  the  2  etmivalcuts  of  oxygen  are  replaced 
W  2  equivalents  of  sulphur ;  which  is  obtained  bv  panning  a  current 
M  methjlochloa-ohydric  ether  through  on  alcoholic  solution  of  sulf- 
hydrate  of  sulphide  of  potiiesium,  nnri  then  dli^tilling  tho  mixture. 
It  is  ab)o  prepared  by  distilling  n  mixture  of  aidphumL-thylut^.-  of 
potassa  K0,(C\U,0,2S0j)  with  a  solution  of  eulf  hydrate  of  sulphide 
of  potaiisium;  the  distilled  product  being  wafilied  with  water,  aod 
rectified  over  chloride  of  calcium.  Methylosulf  hydric  alcohol,  also 
called  metht/lic  mercaptan,  is  a  colourlcM  liquid,  of  an  extremely 
fetid  odour,  and  very  volatile,  for  it  Soils  at  69.8°,  It  is  decom- 
posed by  contact  with  red  oxide  of  mercurv,  and  vielia  a  cryst*!- 
litod  product,  iu  which  the  eulfbydnc  add  ia  replaced  by  1  eqni* 
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T&lent  of  siilphiile  of  mercury  Hg^S ;    ana.1ogoi£S  prodtiet* 
obtAin«<l  with  scTenI  other  motaJlic  solphides. 

§1427.  SviphoearhanutkyhtuWtydTic  Ether  C,H,8,CS.  is 
taincd  by  (li^tilling  %  c«ncootrat<>d  eoluttoa  of  salphoracthyUte 
lime   CiiO,(C,HjO,2SO,)  witli  a   solution,   also  couccntratctJ, 
salphocArboDatfi  of  sulpbido  of  potaasium  KS,CSp  and  rcctifyic 
the  liquid  (fver  chloride  of  cnlciuis.    It  is  u  vcUowisb  liouiil,  of  j 
density  of  1.159  at  04.4°,  nhilc  it  boils  at  SSH.S".     The  densitrt 
its  Tapour  boiag  4.G50,  its  ii^iiivalciit  C(H,S,CS,  ia  r«prci»cntcd  t 
2  I'olomea  of  rapour:    it  ia   meibylocarbonic  etber  C,n,0,CC 
hitherto  trnknown,  the  oxygea  of  wluch  ls  replaced  by  eqoira 
quantitiee  of  snlphar. 

§  1428.  By  replacing,  in  tho  preparation  of  metliylosulfhydric 
ether,  the  alcoholic  Bolation  of  monosulpludc  of  potitssium,  bjr  an 
aloohoUo  Bolntion  of  bisulphide  of  potaasium,  a  slightly  yellovisti 
liquid  ia  obtained,  of  an  extremely  disagreeable  and  persisteol  alli- 
aceons  odour;  while  its  density  ia  1.04(i  at  (>4.4^,  and  it  boili  ot 
340.8'*.  The  forniiila  of  thiB  substance  being  C,U,P,.  it  may 
considcreil  as  methTlosulfhrdric  ether  C,LI,S,  combiaml  with 
equivalent  of  sulphur :  the  density  of  its  vapour  i^  3.S10,  and 
equiralcnt  corrcHpoiid»  to  2  volumes  of  vapour. 

iiastly,  by  aabetituting  pontafiolphide  for  tho  bi^ulplude  of  i 
sium,  thcro  results  a  product  still  more  italpburettcd,  of  whicB 
foraula  is  C,U,g,. 

Prolccarhuretted  Stfdrogon  C.H^t  iw  Marth  Qat. 

%  142&.    Protooarbaretted   hydrogen    evidently  belongs    to  tli 
metliytic  series,  and  may  be  conudered  aa  the  starting  point  of  i 
series.    By  causing   cmorine   to  act   on   this  gas,  prodacu 
obtained  which  are  identical  with  those  afforded  l>y  mcthylo^hlor 
hydric  ether  C,HjCl,  and  it  is  not  to  be  doubted,  aUliough  thia 
not  yet  proved,  that  by  causing  euitable  volumea  of  protocarbi 
hydrogen  and  clilorine  to  react  on  each  ottier,  metliylochlor 
eihcr  itself  will  be  obtained.     Now,  tuethyloch1orohy<lrie  ethe 
treated  vritb  an  alcoholic  solution  of  potoNsa,  yields  methylic  ale 
hoi ;  and  it  hiiH  been  mentioned  (§  1390)  that  tho  vinio  aeries 
olso  be  regarded  as  derived  from  a  carburottod  hydrogen  C4I 
which  ia  as  yet  unViiown. 

When  vapours  of  monohydratod  acetic  acid  CjIIjOjiUO  arc  poi 
through  a  glasa  tube  cuutaining  platinum-spouge,  and   heated 
TSO**,  tho  acetic  acid  is  decomposed  iQto  carbonic  acid  aod  protocar 
buruttcd  hydrogen, 

C4H,0.H0=2C0.+C,H,. 

A  similar  decomposition  takes  place  by  heating  acetio  acid 
contact  with  an  excess  of  alliaii ;  but  in  that  case  the  carbonic 
remains  combined  witii  the  alkali^  uud  the  protocarburetted  bj 
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alone  ia  itiing^t!  The  most  ecanomicnl  majiner  of  prcpnring 
the  gft»  coniirti  in  beating  4  parts  of  crystnllizcd  acctnte  of  0o<1.i 
with  10  parts  of  an  alkaline  CQixiure  composed  of  2  part:8  of  cftiuuc 
polngsa  ancl  3  pnrts  of  quicklime.  In  oMer  to  make  the  mixtwc, 
the  2  parts  of  pota«sa  are  diftsolved  in  a  small  quantity  of  nutcr  and 
sprinkled  over  with  the  3  parts  of  pulverized  quicklime;  and  the 
paeto  is  tlicu  hciited  to  a  dull-red  to  drive  off  the  exci'^  of  water. 

Protoatrbuiettpd  hydrogen  also  arises  spontaneously  from  mureh 
mud  (S  265)  and  from  layers  of  bitumiaoua  cool. 

It  has  never  been  liquefied  at  any  temperatore,  and  itfl  density  is 
0.&59,  vhilc  it5  CQuivaleiit  CH^  corresponds  to  4  vol.  of  gaa,  and 
it  bums  with  a  blniiih  fInTne,  nhich  is  much  leas  brilliaut  than  that 
of  bicarbarettcd  hydrogen. 

PBODCCTS  OF  THE  OXIDATION  OF  METHTLIC  ALCOHOL 

§  1430.  Methylic  alcohol  oxidizer,  at  the  expense  of  the  oxysen 
of  the  air,  in  the  presence  of  platinum-sponge,  and,  like  alcoEol, 
it  exchanges,  in  this  cuae,  2  eiiuiv,  of  hydrogen  for  2  ctjuiv.  wf  oxy- 
gen,* producing  a  peculiar  acid  CjUO,,l[0,  called  formic^  a  large 
ion  of  which  Is,  liowevcr,  destroyed  by  contact  with  the  plaHaum- 
Bgp,  and,  ospecially  if  the  temperature  be  elevated,  complete  oom- 
FDustioa  and  the  funnatiun  of  carbonic  acid  ensue: 

C,IIO„HO+20=2CO,+2HO. 

But  formic  acid  is  obtained  in  a  great  number  of  chemical  r*ac- 

taons,  in  which  certain  organic  aubatancea  arc  subjected  to  oxidizing 

agents ;  by  henting,  for  example,  n  mixture  of  peroxide  of  manganese 

and  dilate  ^'olphuric  acid,  with  alcohol,  augar,  fecula,  tartaric  acid, 

etc.,  B  portion  of  the  organic  substance  being  completely  converted 

into  water  and  carbonic  acid,  while  the  other  is  imperfectly  oxidized 

'  and  produces  formic  acid.    When  any  considerable  qaantity  of  formic 

acid  ia  to  be  prepared,  2  kilog.  of  sugar  are  dissolved  in  10  litres  of 

water,  and  6  kilog.  of  sulphuric  acid  being  ffradually  added,  the 

mixture  ia  poured  into  the  cticurbit  of  an  alenofiic,  at  tne  bottom  of 

I  wbich  have  been   placed  6  kilog.  of  peroxide  nf  manganese.     A 

«^lively  effervescence  ensues  immediately,  owing  to  the  evolution  of 

carbonic  acid,  and  when  it  lei^ecns,  the  capital  is  adjusted  and  db- 

tiUation  effected,  but  it  ia  arrested  when  fi  or  6  litres  of  liquid  are 

obtuned.     Thid  liquid,  in  which  tho  formic  acid  is  concentrated,  is 

*  It  El  moro  rnliooal  to  msiuii^^  in  tbe  ohm  of  bolh  kc«tie  and  fannio  noidn,  thai 
th%  aleobAl  uko*  up  4  eqiilT.  of  oxjgon  tnd  Rive*  nlT  3  pi^uiT.  oT  wkicr,  liooaiuc 
tfcs  •DlwtitutioQ  of  ox^gtn  for  hjrdrogan  tn  comliintttinn*  it  Marevij  ndmijuitile. 

Viiuc  nloolicit  l.'.H.iV  >>>  laklug  up  *},.  buoumca  C,1{,U„  and,  bj  iMingaUO.  a»- 
•nncs  ih«  fortuula  uf  ni^ctio  ncgi]  ('.tT.n.-t-x^. 

In  like  matiiifr.  ractli\lic  nkohnl  C,H.I>,  beegnm  C,n.O,  tj  siuDi&g  0|.  ud  U 
«Mir«rt«J  into  fonaio  acid  C«II0f4-si).  hj  giTiag  «ff  8H0.—  W.  L.  F- 
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Mturated  wicb  milk  of  lime  and  the  forniiate  of  tune  cryBtallizetl 
tTHpontion.  The  salt  thus  forms  onlj*  cr^rntAlline  crusts;  and 
distilling  it  with  more  nr  leK-S  concentrnted  snlphuric  acid,  foi 
■cid  ubo  more  or  leas  coiicentrat«d  ie  obtained. 

If  formic  aci«)  in  to  bo  nhtiiined  at  itH  maximam  »f  concentrat 
the  forminte  of  litnc  must  be  ccDVertod  into  formitttc  of  l^ad, 
adding  acetate  of  lead  to  the  folmUm  of  fonniat«-  of  lime ;  when  tb| 
formittc  of  lead,  being  bat  Bligbttj  soltiblo  ia  cold  water,  is  altnc 
wholly  deposited,  and  maj  be  pnrilicd  by  dlssolrin^  it  in  boil' 
uratcr,  whtch  deposita  it,  on  cooling,  in  small  prismatic  crystals. 

Fonniate  of  Ie»1,  tvell  dried.  Is  introKloccd  into  a  long  glass  tot 
heated  by  some  conls,  and  through  which  a  current  of  snlfhydrid 
acid   is  passed,  when   sidphidc    of  lead   is  fonned,  while  moD 
hydrated  formic  acid  condutisrs  in  tlie  receiver.     It  ia  a  colourU 
liquid,  of  a  pcnctraUn^  and  characteristic  odour,  and  it  eoUtlifie 
at  a  few  degree;)  helnw  32*^,  while  it  hoibi  at  212°.     Ita  densiK 
1,235,  and  tic  density  cf  its  vapour  betn^  1.556,  tta  equivaleoi 
C,UO,,nO  i«  representftd  by  4  volumes  of  vapour. 

Monohydrated  formic  acid  k  highly  caustic,  and  produces  blia 
on  the  skin.     In  combining  with  water,  tho  first,  portions  of  watt 
added  elevate  ita  Wiling  pomt;  with  the  addition  of  20.7  of  watcr^ 
that  is  1  cqufv.,  it  hnils  at  222.8**.     An  excess  of  ooncentriited  su" 
plmric  acid  decomposes  formic  acid  into  oxide  of  carbon  and  walt-rl 
At  tho  boiling  point,  formic  acid  reduces  several  metallic 
particularly  the  oxides  of  silver  and  mercury. 

Kormiatc  of  potassa  and  soda  are  very  eolnble  and  deliquescent. 

Formiate  of  baryta  dissolves  in  4  parts  of  water,  antl  orystaJtii 
readily;  the  formula  of  ita  crystals  being  BaOjC.HO,. 

Furmiato  of  lime  dissolves  in  10  parts  of  water,  and  is  nearly  i 
soluble  in  hot  as  in  cold  water. 

Formiate  of  lead  requires  36  to  40  parts  of  cold  water  for  sola 
tiOQ,  but  diaaolves  more  freely  in  hot  water,  and  its  crystals 
anhydrons. 

By  double  dccotQposition,  a  fonniate  of  silver  may  be  obtoiiM 
which  is  destroyed  by  being  boiled  with  water. 

§  14S1.  Formic  ether  C,tr,0,CjHO,  of  the  Wnic  series  ig  obtain* 
by  heating  a  mixture  of  7  parts  of  dry  formiate  of  swla.  10 
of  concentrated  sulphuric  acid,  and  9  parts  of  alcohol.     It  is 
on  a  larger  scale  and  cheaply,  by  mixing,  in  a  large  retort,  80  ' 
of  starch,  120  of  ordinary  alcohol  at  0.85,  120  parts  of  water,' 
of  peroxide  of  manganese,  and  240  of  concentrated  sulphuric  acid 
Heat  is  applied  gently,  and,  when  tho  reaction  is  fully  ratablisbe 
the  fire  is  removed,  and  the  eldos  of  the  retort  cooled  with  mob 
cloths,  when  a  stratnm  of  formic  ether  geparnteji,  which  is  reniovt 
and  treated  with  milk  of  lime  to 'free  it  from  acids,  and  aabe 
cjuently  distilled  over  chloride  of  calcinm. 

Formic  cthor  is  a  oolourlesa  liqtud,  of  a  mild  taste,  of  a  dconty  < 
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0.912,  and  boiling  kt  128.1*^,  which  disflolves  in  10  narta  of  irnter, 
and  mixes  in  all  proportioiu  with  alcohol.  It  should  he  remarked 
that  formic  clhcr  C,UjO,C,UO,  ia  isomeric  with  mcthylacctic  other 
C,H,O.C,H,0,.  Formic  eiher.  trpated  Trilh  chlorine  in  diffuitod 
light,  forms  n  chlorinated  ether,  of  the  fomula  C,  11,01^0,0,110,, 
and,  hy  cxhauettinjir  the  action  of  the  chlorine  in  the  sun,  a  jxrcklori- 
nattd  rklorofcrmin  ether  C,01,O,C,ClO,  i»  obtained. 

Methyloformic  ether  C,II,0,C,HO,  is  prepared  in  the  same  msn- 
ii«r  M  tnat  of  the  vinie  aurios,  except  that  spirit  of  wood  is  subeti- 
tated  for  lUcohol,  atid  it  is  on  cthorial,  very  mobile  liquid,  which 
boils  at  about  98.0". 

Methyhl  0,11,0,. 

§  1432.  It  \im  not  yet  been  found  possible  to  obtain  aldchydo  of 
the  tncthytic  series,  the  formula  of  which  would  be  0^11,0,.  By 
distillinfT  a  mixture  of  methylic  acid  and  n,lcohnI  over  peroxide  of 
manganese,  there  results  n  mixture  of  Bcveral  volatile  htjuids,  in 
which  methyloformic  ether  ami  a  pecjidiar  liiiuid,  called  mtthylalf 
predotoinate.  The  latter  being  dissolved  in  water,  and  potassa 
added,  the  alkali  docoinpn<ieK  the  tncthylofumiic  ether,  while  the 
tnethylal  soparatca  in  the  form  of  a  liquid  layer  floatinj;  nn  the  eiir- 
fac«,  which  is  puj'ilied  by  distillation  over  chloride  of  ealcium.  Me- 
thylal  boils  at  107.6",  and  correapondti  to  acelal.  l\A  formula  being 
C,H,0,,  it  may  be  regarded  as  resulting  from  the  union  of  -t  mole* 
culca  of  motbylic  ether,  of  which  one  liaa  taken  1  cqmv.  of  oxygen 
ID  the  place  of  1  equiv.  of  hydrogen.* 

ACTION  O?  CHLORDCE  OS  COMl'Ol'KDS  OP  THE  SIKTHVLIC  SERIES. 

Produeta  of  the  Action  of  Chhrint  on  Melhyloclihrohyilric  Ether 
and  on  Prolocarhurctted  Sydrogen. 

%  14SS.  Chlorine  acts  with  more  difliculty  on  chlorohydric  other 
of  the  methylic  series  than  on  that  of  the  vinic  eerioa,  the  reaction 
ensuing  only  when  assisted  by  the  direct  rays  of  the  sun ;  and  as 
iheM  products  are  more  volatile,  greater  care  is  rcouired  in  eooling 
the  receivers.  The  apparatus  described  (§  13B7)  and  represented  by 
fi^.  680  is  used. 

By  maintaining  the  methylochlnrohydric  ether  in  excess,  the 
bottle  C,  (fig.  680),  which  should  be  Icept  in  n  refrigerating  mixture, 
Teceives  a  very  volatile  lirjiiid,  which  should  be  purified  by  distilla- 
tion over  concentrated  Kulphuric  acid,  and  then  over  quicklime,  and 
which  ia  monochlorinaUd  meihiflocklorohydrio  ether  C,H,OI,.  The 
wloar  of  this  product  resembles  that  of  Dutch  liquid,  and  its  deiifiitj 


*  Ilct«  a.gkio  it  ■■  utmeceasurjr  I4  aiaatno  ibo  bi|;Ulj  iiDfirobikbta  «iil«littiti«(i  oF 
ATygan  for  hydrogen,  nineit  th«  reaction,  i*  rorj-  liinpljr  osplunad  bjr  ■llovi^  8 
vqtilr.  of  mDUijrIic  ttbcr  C.II.O,  tn  piin  2  (iqniv.  nf  oxvgvn.  fannini  C,H,0^  Uk^ 
tbcB  U  loM  1  sqiav.  ef  waler,  wUcb  |irei  niethjilal  C.H.O..— W.  I.  F. 
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mixture  of  protocsrburettcd  liydrogcn,  nnd  chlorino  in  cicms,  a 
]ic|tiid  condcnaos  on  the  aides,  'vliicli  id  a  mixturo  of  tlie  various 
chloriaated  mothjlochlorohrdric  ethers  just  described,  comprisiag 

Srincipally  cMorofurm  C.lICl,  and  cfiloride  of  curbon  C.CI.. 
Tie  nr»t  chlorinated  productj  mcthjlpchlorohydrio  other  C,li,Cl, 
would  probably  bo  obtsioed  by  introducinx  the  two  gusctt  in  an  ap- 
piiratus  rosciiibling  that  of  fig,  680,  mainuining  the  prulocarhu* 
rctt«d  hydrogen  in  excess,  and  then  posaing  th«  gasc^  through  m 
tube  cooled  by  solidified  carbonic  acid,  in  order  to  coodenso  the 
gaseous  ether.  In  all  ciis«b,  it  is  proved  that,  by  th«  action  of 
chlorine  an  J  protocarburcttcd  hydrogen  CJl^,  the  same  products  are 
obtained  aa  by  tbo  action  of  chlorine  on  methylochloronydric  ether 
C,II,C1,  and  it  15  correct  to  regard  this  substance  aa  the  starting 
[Kjiut  of  the  series.    Thus,  we  have 

Frotocarburcttcd  hydrogen ^1^41  *  non-liquefiable  gas. 

Mcthyloohlorohydrio  ether C,H,CI,  liquefying  at  a  very 

low  temperatare. 
MoQOchlorinatcd  mcthTlochlorohydric 

ether .'. C.HjClp  loilbg  at  86.9*. 

Bichlorinated       methytochlorohydrio 

ether,  or  chloroform C,IlCIp  boiling  at  141.8'. 

Percblorinated      mcthylochlorohydric 

ether C.G^  boiling  at  17-2.4*. 

§  1437.  "fiut  again,  it  is  possible,  hy  operating  on  chloride  of 
carbon  C,C1^,  andl  by  proper  chemical  reactions,  to  substiiuto 
hydrogen  for  the  chlorine,  &nd  ascend  from  chloride  of  carbon  lo 
protocarburetted  hydrogen,  passing  tlirough  all  the  intermediate 
products ;  in  order  to  prove  which,  it  is  sufficient  to  introdace  into 
a  fiat-bottomed  flask  a  solution  of  chloride  vf  carbon  in  aqueous  al- 
cohol, and  then  to  add  an  umalgum  of  |iotu»eiiini.  On  communi- 
cating the  flask  successively  with  two  U-luhes,  thy  first  of  which  is 
kept  at  a  temperature  of  about  iHJ°,  und  the  eecond  cooled  by  a. 
mixture  of  lee  and  salt,  then  with  u  biilb-apparatiis  filled  with  water, 
and  lastly  with  a  couducting-tubo  which  leads  the  gucs  into  a  bell- 
glaM  over  the  \va.teT-cUtem,  and  heating  the  Hask,  the  chloride  of 
carbon  is  decomposed,  chloride  of  potassiym  and  eaustie  pota«s& 
being  formed;  and  the  chlorine  ahstructed  is  replaced  by  h^lrogen 
arisios  from  the  decomposition  of  the  water. 

Bicllorinated  mcthylochlorohydric  ether  C,HC1,  condenses  chiefly 
in  the  first  U-tube,  and  in  the  second  the  monochlorinatcd  metbylo- 
chlorohydric  ether  CbU,C1„  while  the  water  iu  the  bulb-apparatus 
dissolves  the  raothylochlorohydric  other  C.HjCI,  which  may  be  sepa- 
rated by  saturating  it  with  i-blorido  of  calcium;  and  lastly,  proto- 
carburetied  hydrogen  in  collected  in  the  belhglass. 

This  inverse  trans  formation  has  not  hitherto  succeeded  on  th« 
corresponding  series  of  chlorohydric  ether  of  alcohol  ]  but  would  be 
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partltmlarly  intereeting,  as  it  would  enable  tJi©  preparation  of  thfl 
CwbapcttcJ  hydrogen  C,H,  which  U  atUl  warning  in  the  series. 

Bromoformy  Iodoform,  emd  Sulphftform. 

$1488,  Bj  treating  alcohol  with  bromine,  a  protlnct  corraepond* 
f^ing  to  chloral  is  obtained,  which  is  dccompoBed  by  alkaline  sol»- 
[tions,  and  yicldm  bromo/orm  C,HBr,. 

lodfi/orm  C,HI,  is  obtained  bv  pourlnj'  a  BoluUun  of  piLustic  po- 

Ita^ea,  or  carb»nat4.'  of  poto^a,  into  alcohol  Batoratcd  with  iodine, 

[■ntil  the  liquid  is  discolonred ;  when,  by  adding  a  lar;ge  quantity  of 

Hater,  tb«  iodoform  is  precipitated  in  the  form  of  small  cryataUino 

qtonglos,  which  are  purified  by  redissolving  them  in  alouhol  and 

,eraporatiQg  the  liquid. 

By  distilling  1  pure  of  iodoform  with  3  parts  of  sulphide  of  mer- 
;cary,  a  yellow  oleaginous  tiqiud  ig  obtained,  coniitituting  aulpht- 
/orm  C,H8j. 

Action  of  Chlorine  on  ifithylic  Ether  C,H,0. 

^  §  14S9.  The  action  of  chlorine  on  mcthylic  ether  is  eiceuively 
violent,  even  in  diffused  light ;  and  the  experiment,  being  daogeroof, 
must  be  carefully  conducted,  in  order  to  prevent  the  apparatus  froB 
bursting  to  pieces.     Figure  682  represents  the  apparatus  most  snit- 
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Fig.  G82. 


able  to  tlie  production  of  any  conBtderabIc  quantity  of  the  product. 
Methjlic  etner  is  prepared  by  beating  in  a  flask  A  (fig.  6fi2)  a  mix- 
tore  of  1  part  of  wooa-spirit  aud  4  purto  of  ccnccittrated  aulf^urio 
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ftoid  ;  dllowmg  the  gas  to  trsrera«  a  first  voshing-boLttc  6  contnin- 
iDg  wnter,  then  a  8«cond  hotlle  C  cootaining  n  solution  of  poMutsa 
in  order  to  retata  tbe  aulpktin>ii5  aod  carbonio  aoida,  autl  lastly,  it  loDg 
tube  filled  with  chloride  of  calcium  to  dry  the  gas.  (This  tube  i»  Dot 
rcprAftonted  in  the  figure.)  The  chlorine  is  prepared  in  th«  flaek 
G  by  the  reaction  oi  chlorohydric  acid  on  peroxide  of  manganese, 
and  is  washed  in  the  water  of  the  hottle  F,  and  dried  by  passing 
through  concentrated  sulphuric  acid  container!  in  the  bottle  E.  The 
two  gases,  which  are  brought  together  in  the  flank  D,  escape  through 
a  refrigerator  H,  made  very  cold  by  ice,  into  tho  atinof  phere  by  llic 
opening  o.  The  Hquida  wiiioh  condense  in  the  flask  D  and  in  the 
r«fnserator  II  fall  into  tho  bottle  1,  which  should  be  entirely  inde- 
pendent o(  the  apparatuH,  so  that  if  the  latter  should  burst,  the 
products  already  obtained  will  not  be  lost. 

Tho  apparatus  should  be  arranged  in  a  wclHightcd  phice,  but  prcK 
t«ctod  from  tho  direct  rays  of  the  sun ;  and,  though  the  reaction  is 
■ometiints  long  in  being  eatublished,  when  once  commenced,  it  con- 
tinoes  with  great  energy.  Tho  operator  should  tht-n  regulate  the 
OTolution  of  the  two  gases  with  great  cure :  they  ehoulu  meet  in 
Buch  proportion  as  to  destroy  each  other,  immediately^  on  roaching 
tbc  tliuk  J) ;  for  if  one  of  tlic  gases  should  flow  Lou  frucly,  aa,  for 
example,  if  the  flaak  were  to  heoome  coloured  by  chlorine,  which 
would  require  a  more  rapid  disengagement  of  mcthylic  ether,  an  ex- 
plosion would  inevitably  ensue.  In  order  to  prevent  this  accident, 
the  current  of  ciilorino  must  be  leseened  by  ODoriinK  oac  of  tho 
washing-bottles  £  or  F,  and  the  ether  mu-tt  ho  allowed  to  flow  very 
slowly  until  the  flask  D  i»  deprlv«d  «f  colour;  after  which  tho  guea 
would  be  made  to  flow. 

Tho  bottle  I  is  found  to  contain  a  vory  volatile  liquid,  of  a  gnflTo- 
cating  odour  and  exciting  to  tears,  which  exhales  acid  fuiBCB  by 
being  decomposed  by  the  moiaturo  of  tho  nir.  Il«  density  at  68° 
is  l.SliJ,  wlulc  it  boils  at  221^,  and  cold  water  decompoees  it, 
though  slowly.  This  liquid  is  moDochlorin&t««l  methytio  ether 
OtU.ClO,  tho  formula  of  which  corresponds  to  2  volumes  of  vapour, 
like  that  of  melhylic  othur  C,HjO,  from  which  it  is  derived. 

This  product,  subjected  to  the  action  of  chlorine,  e-xchanges  1 
equivalent  of  hydrot^on  for  1  equivalent  of  chlorine,  and  becomes 
biehlorinaUd  methylic  eth'^r,  tho  density  of  which  is  1.606  at  68*, 
while  it  boils  at  about  20ti^  ;  its  equivalent  C,IICljO  corresponding 

K|ikewiae  to  2  volumes  of  vapour. 

^*  Ktially.  by  again  cxpoaliig  tliis  new  product  to  the  action  of 
ehlorioc,  in  tho  mys  of  tho  sun,  its  last  equivalent  of  hydrogen  is 
replaced  by  1  equivalent  of  chlorine,  formlug  ^icrchlon'nateii  me- 
thylic  ether  C,C1,0,  whieh  product  has  not  muiulAined  a  stiito  of 
concentration  similar  to  that  of  tho  two  preceding,  and  that  of  me- 
thylic ether  C,U,0,  for  its  equix-nlent  oorrosponds  to  4  volumes  of 
vapour.  Thi*rc  has  been  cither  a  doubling  of  the  original  mole* 
Vol.  U.-^Z 
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nle^  or  a  Kparation  of  the  molecules,  so  that   the  eame   m 
Iwr  of  molecaln-r  groiipfl  now  occupy  a  double  space;  which  chaan' 
of  molecular  arrangement  if  manil'catcd  bv  an  anumnly  in  the  boil- 
ing point.     It  hoft  olwaV!<  hltlierlo  b«cn  obiieni'ed  that  wli«n  a  nule- 
cnJnr  group  ia  modiHea  merely  by  the  mbsutution  of  1  equivaknt 
of  chlorine  fori  c<fuiralent  of  hydrogen,  iu  boiling  point  rities; 
which  circumstance  ia  not  true  for  tcrehloriiiftted  methylic  ether, 
compared  nith  bichlorinutod  mctbylic  ether  ;  the  builiuK  point  of  ^M 
tbo  lattor  being  2*^",  while  that  of  the  former  is  about  212°.         ^M 

AcfioH  ijf  Cktorine  on  Methyltt»\ijfhy<lric  Ether.  ^^ 

1 1440.  Chlorine  readily  acts  on  methylognlfhydric  ctbor,  irhicK 
gradually  exchanges  its  oxygen  for  ctiuivalent  qiuQtiticB  of  chlo*. 
rine,  and    tlie    final  product  is  pereklonnated  nuthylont^jfdrM 
ether  C,CI,S. 

Action  «/  Chtcritu  «i  the  Compound  MethylU  Mhert. 

§  1441.  A  largo  number  of  compound  etliers  of  the  methylio  so>'1 
ries  can  exchange  moro  or  less  completely  their  hydrogen  for  eqv^ 
Talent  qiuintities  of  chlorine. 

Thusniolhytoxalic  ether  C,HjO,C,0,  famishes 

A  bichlorinatt'd  mothyloxaiio  ether C,HC1,0,C,0^ 

And  a  perchlorinated    "  "      C,CI,0,CgO,. 

Mcthykcctio  other  C,II,0,C,II,0,  also  yields 

A  bichloriDatcd  mctliylacetic  ether C^Cl,0,C,HaO„ 

And  a  perchlorinated    '*  »     ....  C,C],0,CiCIjO,. 

It  baa  been  shown  that  formic  nthcr  of  the  vinic  series  C^H,0, 
C,HO,  presents  the  sanio  elementary  compoitition  a^i  methrlaceiio 
etncr  ColI.O.C^HjOj,  although  the  two  substaocea  differ  raa'tcrially 
in  their  pliysical  and  chemical  properties;  and  the  composition  of 
the  perchlorinated  product*  of  tho  two  ethers  should  therefore  be 
Buailar:  not  only  are  they  so,  hut  they  arc  identical,  conatilut- 
ing  one  and  the  same  substance,  and  no  longer  exhibiting  the  di- 
Tersity  of  their  origin.  We  have  already  mentioned  an  an«logomi 
CHSO.  Dutch  liquid  C  fLCl,H€l  ia  igomerie  with  monochlonDated 
chiorohydric  ether  C.H^CI^  while  the  two  Bubstancoa  diffor  distinctly 
in  their  physical  and  chemical  properties;  but  when  treated  with  chlo- 
rine, they  Dolh  yield  the  same  final  product,  chloride  vf  carbon  C^Clf. J 

Methyloformic  ether  yields  with  chlorine  two  chlorinated  ethers:] 

Bichlorinatcd  methyloformic  ether. C,HCl,0,C,UOj, 

And  perchlorinated      "  "     C,Cl,0,C,ClOr 

Thh  bftt  ether  is  limiid,  boils  at  about  356",  and  is  isomcTic  with^ 
.'dllontsnlwnio  gas  COCl;  into  which  it  i&  entirely  c<jnvcrtcd,  bT: 
passing  ita  \ipour  into  a  tube  houtcd  to  a  tuuipcrature  above  dt*  ai 
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Aetitnt  of  Chlorine  on  Fermie  Aci<1. 
.442.  No  chlorinated  foniiic  acid  is  Jmpwn,  nnd  when  mono- 
hytlrated  formic  acid  CjIIOiUO  la  trented  with  ctloriw,  llic  cqui- 
valpnt  of  water  is  alwa^'s  a«compo3od,  chlorohydrlo  anil  carbonic 
actda  being  foirmed : 

C,HO„HO+2Cl=2IICl+2CO^ 
But  it  has  been  shown  (§§  1451  and  1441,)  that  tlie  fonnic  acid 
vhtch  exists  in  furmJc  and  methjloformic  ethers  can  exchange  iti 
hjdrogeD  for  chlonno. 

§  1443.  It  will  bo  seen  from  the  preceding  obscrrationa  that  tho 
compounds  of  the  methjHc  scries  may  be  considered  as  being  pro- 
duced by  the  aame  molecule  C,U,,  that  of  protocarhurctted  hytlro- 
gen,  ov  marsh  gafl,  in  whicti  one  or  several  Cfiiiivalcnts  of  hydrogen 
are  replaced  ly  a  corresponding  number  of  other  etemento,  snch  as 
oxygen,  sulphur,  chlorine,  etc.  etc.  In  order  to  render  this  method 
of  generation  evident,  wo  have  collected  into  a  ainglo  table  all  the 
known  productii  of  tho  mctbylic  ecrics. 

TABLE  OF  COMPOUNDS  DERIVED  FROM  OARRl'RETTEn  UYDRO- 
OEX  C,1I,.  OR  FROM  .MKTHYUC  ETUER  C,II,0- 

Protocarboretteil  hjdrogm,  or CH,  2  toU, 

tlnr«]i  Gas,  the  starling  point  of  ibe  teries. 

SIMPLE  ETHEBS. 

Mcthylleotli«r C^H^  2  " 

MeUiflovulfbjdtic  eth«T C;il^  3  " 

>lDtbjrttichtorohy<lria  cihcr « CJI/Tl  <  " 

Mcthjlobromohydrio  other CH.lJr  4  " 

Melhrlo<icih)-<lricGthvr CII.Io  *  " 

Mcthylnhydroeynuic  etbor _ <\fl,Cy  t  " 

MetlifloeuljiUulij'irvcjaniD  «tbcr...- C^H,SCj  1  " 

COMPOOND  ETIIER3. 
Methyllo  alcohol,  or  Tooil-spirit CiHAHO     4    '■ 

M«th/io«uinij<iiio  iicohoL c,nAns    4  •' 

McUij-litplumbio  >'      - C;iJ^,Pb8     • 

Mcthj-loiaercurio        "      « C|Bt8.Hg^ 

ConpouHiI  Kthtrt,  pnptrbf  k  tnIM 

Gm»T»i  formiiU  (A  ni'TceeatlnK  the  acid) CHjO.X        3  or  4  vttb. 

Melhylt.bibori.d6  ether „....„ CH/».JBO, 

TrimotljJoboracie   "     8(\UiO.B*),     i  " 

SIflkyUe  Aailt. 
Qcneral  fofmnla  of  ncthylic  add*  formed  bj  the 

moBohrkjic  BciJaA (C,H,0-|-H0).2j 

Pormuln  of  ili«  iu«ihy1Ic  nctJa  producad  l<j  tliD 

uLba^O  Midi,  lachM  P0,.3H0 (C,II,O+-a0).PO,. 
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PBODUCTS  DEBtVED  FROM  COUFOUND  METOTUC  ETHEBS. 
Bg  lie  Aelim  o/  Cltoriae. 

On  M«thylni»]ic  «iiM-. _...  C^H,     O.C,    O, 

Sichlorinated  mvthjloskUe  <Ui«r.» C,HCI/),C.    Or 

PeroWurinaltHl        "              " C,    CI.O,C,     O, 

Ob  M4thylftoetla  «ther C,B,     0,C,Tf^ 

Btohlorinnted  meUi^Iaoello  ether CJEI  CI.O.C.II^» 

pBrcibrluinea        ••              "    .„.„, .„„„  C,    Cl.O.C.B.O^ 

Ob  MeUajUfornis  ctliTr „ C.EI,     0,C,U  0^ 

BlfiUorinated  uellixlofDTiiiifl  other. C,tt  CI^,C*H  0^ 

PtorolilariBktad        "                  "     _ C,    Cl,0,C,ClOr 

§  1W4.  Clu-mista  Kavo  formed,  for  tli«  mctlijlic  sories,  bjpoUic- 
eee  analogous  to  those  proposed  for  the  rinic  eories.  Some  regard 
all  eimple  methvUc  ethers  w  produced  by  the  combinution  of  the 
same  rsdJval  C,Hy  or  nuthi/len,  with  1  etjiuvulciit  of  oxygen,  sul- 
phor,  chlorine,  etc.  etc.,  in  which  case  mcthylic  ether  bccomeB  a 
moDohydrate  of  melliylen  0,11,110,  and  methylic  alcohol  its  bi- 
hydratc  CjHj/iKO.  This  radical  19  entirely  hypothetical,  since  u 
yet  no  carbumted  bydrogen  of  tlio  fommla  0,11^  Is  tiiowii  which 
yicld.s  by  direct  combination,  cither  with  water  or  with  cidorohjdric 
acid,  a  simple  ether  of  the  methylic  series  ;  a  condition  indispensa- 
ble, neverthless,  to  finable  it  to  be  considered  as  the  rndicnt  of  the 
Bcries.  Moreover,  the  methylic  and  mic  series  arc  bo  eimilar  that 
their  fomiTila  cannot  be  nritten  in  two  different  wave,  and  wo  have 
iucontcstably  proved  {§  1401)  that  bicurburcttcd  hydrogen  C,H^ 
oould  not  be  eonsiderod  as  preexisting  in  tho  stato  of  a  radical 
ID  vinic  ethers. 

Other  chemiBts  coni-idpp  methylic  ether  C,n,0  ns  the  oxide  of  a 
radical  CjH„  which  they  call  methyl,  and  of  which  methylochloro- 
hydric  etfter  is  then  the  chloride ;  but  as  methyl  Li  not  any  belter 
known  than  is  ethyl  and  metliyleu,  we  seu  no  advantage  in  resorting 
to  hypotheses  of  these  unknovrn  radicals,  especially  for  the  methylic 
series,  wliich  may  be  as  easily  derived,  by  means  of  ttubHlitutioa, 
frma  »  perfectly  well  known  hydrocarbon,  protocarburtttcd  hydro- 
gen C,H,.  We  have  shown  it,  in  fact,  (§  HSt!,)  to  be  very  probable 
that,  by  causing  chlorine,  In  proper  proportions,  to  act  upon  carba- 
rctted  hydrogen  C,!!^  methyloculorohydric  elher  C,H,C1  would  be 
obtained :  now,  the  latter  is  decomposed  by  contact  with  alkaline 
solutions,  and  yields  wood-spirit,  whence  the  whole  methylic  series 
may  be  subsequently  derived.* 

*  RcTerrins  tbc  rtfiUvr.  ou  U)«  mbjact  of  th«  ndloala  of  etlier  auiI  nicth<T,  buk 
U  tli«  dole  to  i  1401,  (pBg*  6Wi)  it  now  oaljr  TemAina  to  •Icscribe  lli«  ri4ia»l 
8t«U)jl,  the  ls<>UtloD  of  wbiob  renden  the  eorreetneM  of  the  fimcb  cImt;  «s- 
trcmelf  doubtful, 

XMyl  CU,. 

Melbyl  i*  given  off  at  ili«  poaldve  polo,  in  dteompoiIaK  •  ooaoentrsteil  •olutios 
of  Kelate  of  potkSM  bj  a  pgnernil  fkltania  cuneat,  while  at  ibe  aegatirD  pole 
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OP  CBRTAIN  ACIDS  WnrCTT  EXIST  IH  TOE  JCICES  07 
TBGETABLES. 

§144<'>.  Wo  shull  dL>scribc  in  this  chapter  c«rt&ia  acida  Kbichi 
fouiKl  ready  formed  in  the  juices  of  vegclaMcs,  .ind  which  lisTe  not' 
been  tQctaucd  in  any  group  of  sabst&ncea  of  utalogoos  compoeitioD, 
u  chemiBta  have  succeedea  io  doing  for  acKtic,  formic  acid,  etc  eUlj 

OSAUC  ACID  C,0,HO.  " 

$1446.  Of  thes«  acids,  one  of  the  most  imporUnt  is  oxalic,  of, 
yihich  the  properties  were  described  (§  259)  when  troatJiig  of 
cotnpoonds  of  caiboD  Trith  oxjcfiD,  among  wliich   oxalic  acid 
ranked  on  account  of  tlic  composition  it  presents  in  auLydrous  twlfi 
Oxalic  acid  is  found  in  a  largo  number  of  Tcgetablcs,  which  fp 
guently,  aa  in  the  case  of  sorrel,*  owe  ihcir  acid  ta&te  to  ita  prcsenc 
Li  the  Blacl:  Forest  (Southern  Germany)  it  is  obtmncd  from  eer 
npccics  of  rumcx,  by  pounding  the  plaut  iii  troughs  aud  cxprc 
ita  juice ;  after  which  the  reeiuuo  is  moistened  with  water  and 
preesed  a  ttocond  time.     The  liquid  is  clarified  with  clay,  dvcaot 
and  evaporated  to  cryetalliscation ;  when  crystals  of  binoxalato 
quadroxahttc  of  potuaaa,  (§  451,)  called  in  comtocrce  ealtt  of  i 
arc  scparatod.     In  order  to  extract  the  oxalic  acid,  act>tate  of  U 
is  poured  into  a  solution  of  salt  of  sorrel,  when  oxalate  of  Icad^ 
prt'eipllat«d,  wliich  is  decompysed  ly  sulphuric  acid;  after  wl 
the  liquid,  on  evaporation,  yiolds  crystals  of  oxalic  acid  C«0,,l 
+2H0. 

The  greater  part  of  the  oxalic  acid  now  in  use  in  laboratonM ; 
prepared  by  the  reaction  of  nitric  acid  on  sogiir,  (§259.) 

appear  hjJrogsn  and  aarbunin  aold,  rttinlUag  rrom  tliB  odiktim  of  the 
■Ckd  fonnc'l,  nt  Uic  «ii<«iibo  of  ua  ocjuivnlcat  of  waCcr,  wbeao«  tbe  hjit 
Ae*^«  aoi<l  i*  CDti«idcr«d  m  b  p&irliaffof  cxolie  ooid  C,0,  witbn«i&;rl  C,!!, 
vi«ir  IN  ■uilaJiind  by  Uiu  daotxupusitioii  of  the  uiJ,  onNuitig  ■«  (oUowi  ; 

KO,C.H,0^2HO=KO.KO+C.rTJ-C.n^no.  or 

= Ko.no-i-Ct[i,-i-2cOri-n. 

MaQtjl  la  alao  formci)  !n  the  ilecumtiasiiion  of  iodolirtlrie  elh«r  hj  tinoi  t>| 
soQCS  of  w»l«ri  mi  J  iu  iJie  dccauponlionof  aj'itiivLj'dric  etbei  (ejaaida  ot  t 
by  pnUiHium,      It  is  n  ooIourlvHS  >inJ  inodoroujt  gs.!,  ttinogt  insolubl«  i 
•olnblein  &l0«ho1,  and  d«e>  nol  H'ljiK'f/  at  — 0.4°.     lU  nf^ciSo  grtkTit;  botB 
Itc  fonnata  <\H,  correnpnnd*  to  k  oondanMlioii  to  2  tolumoa.     Itihonl 
garicd  M  ll(L',lt.).  orhviirngPii  painxl  witli  dft^l,  or  o!«fluit  |iia. 

CombluDiiuiia  urmriJiyi  wliti  ivTcral  i&MaUoldi  and  matali  ba**tM«n  dlawrawJ. 
but  trciiot  yet  fully  irTcstlcrattd:  (be  only  otto  vklchl*  well  known  b«lngm  oon- 
pound  «f  ononio  witb  2  eiiuiTftlents  of  mclhjl,  or  eaeoifyl,  ninmis  dwmaibA 

aim.) 

ZinemetAyt  ZnC,H.  or  Zn.[l(C,fI,)  Bad 
rhotpAvrrtUttmethsl  P.C.H.  M  P.[H(C,n,)], 

corrpspoDilIag  to  plioirpLurfittGd  liydr«f  an  liaTc  bc«n  obt«icc4.     ZJncmtlkjli       .  _ 
hlw  linoctbjrl :  Mid  phosphurcUoil  in«tliyl  beara  a  eloio  uwlogj  to  pllo«pliar«|lat 
hjdrogcB,—  If,  L.  P. 
<  Oiitii*  uiIohII*,  irli«De«  th»  Bame.—  IF.  L.  T. 
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S1447.  Malic  ooid  ta  most  widely  diffdsed  through  the  organic 
kiDgdoiD,  b«ing  found  partly  free  and  partly  combined  with 
potaAPa,  lime,  msgnceia,  and  some  organic  basefl,  and  giviog  rise  to 
the  acid  tsst«  obsenred  in  froits  before  maturity.  Afalio  acid  is 
generallv  obtained  from  tbo  bcrrica  of  the  uountuin  ash,  which  are 
coUectetf  before  maturitr,  crushed,  sad  their  juii!e  exprtwted.  The 
jnicc  is  clarified  by  being  boilfd  for  &  few  momonta  with  white  of 
egg  and  fillt-red,  when  acetate  of  lead  is  added,  which  yicUU  a 
whit«  CTTStalline  preci|»ita!e  of  malate  of  lead ;  the  salt,  howercT, 
being  ahrays  mixed  with  a  small  quantity  of  other  organic  sub- 
stances, which  aro  prcctpitatod  iu  combination  with  the  oxtde  of 
lead.  Malntc  of  lead  is  nearly  Insoluble  in  cold,  bnt  readily  (soluble 
in  imiling  wjiter,  and  is  purified  by  boiling  with  water  the  crude 
malate  of  lead  previously  fi)terc<l,  and  rapidly  fiilcring  the  liquor; 
when  the  tatter  deposits,  on  couliiig,  malato  of  lead  in  small  crT»- 
tftlline  spangles.  I*hc  mother  Uijuid  is  again  boiled  with  the  residue 
of  tbo  ur«t  ohulliciuD,  and  this  is  conlinued  until  the  hot  Uqnor  no 
longer  deposits  malato  of  lead  on  cooling.  The  foreign  plniabic 
oonipounus  remain  in  the  residue. 

Crude  malato  of  lead  i*  usually  decomposed  by  sulfhydric  acid, 
(I  ISO?,)  and  the  impure  malic  acid  is  thus  iwjlatcd  ;  after  which  the 
solation  of  malic  acid  thus  obtained  is  boiled  for  a  few  moments,  in 
order  to  drive  off  the  sulfhydric  acid,  and  then  dirided  into  two  e<iuel 
parta.  One  part,  which  ha&  been  accurately  saturated  with  ammo- 
nia, ill  poured  into  the  necontl  part,  which  mnnined  in  the  state  of 
free  malic  acid,  which  furnUhea  a  solution  of  bimalate  of  ammonia, 
or  rather  a  neutral  malate  of  ammonia  and  water  (NIIpIIO+i£0), 
C,H  O,,  which  is  crystallized;  and  as  the  salt  cryHtallizes  very 
readily,  it  is  purified  by  successive  crysUllixatioua.  If  the  uudate 
of  lead  c«ntaincd  tartrate  and  citrate  of  lead,  as  frequently  happen*, 
the  first  cryatalfl  deposited  by  the  solution  of  impure  bimaloto  of 
ammonia  would  be  hitartrat«  of  ammonia,  wliich  is  very  slightly 
solable ;  after  which  the  bimalate  would  crystallirc,  while  the  citrate 
would  remain  tn  the  mother  liquid.  In  this  case,  the  bimalate  of 
ammonia  is  again  conrcrtcd  into  malate  of  lead,  and  the  salt  is 
again  decomposed  by  sulfhydric  acid. 

The  solution  of  malic  acid  is  evaporated  to  the  conBistcnce  of 
syrup,  and  then  left  in  vacuo,  when  it  dcpoaite  colourless  cryatab 
'of  hydrated  malic  acid,  C,U,0,,2U0,  which  are  deliqneBcont,  and 
cannot  be  freed  from  their  water  withuut  dccom position. 

Malic  acid  is  a  powerful  acid,  forminig  a  great  number  of  .■talbt, 
and  producing  in  general,  with  the  same  boM,  two  Salts,  the  formnlie 
of  which,  when  deprived  of  their  water  of  crystallization,  are 

2no,an,o„ 

(RO+HO),C.H.O., 
and  it  is  therefore  a  bihasic  acid,  as  wo  stated  in  1 1225. 
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composed  bj  a  slight  cxcMs  of  sulpburic  acid ;  and  the  8tilplia.te  of 
lime  buing  tbeo  Mfwrated  by  filtfirinj^,  thu  acid  liquid  i«  care- 
fullj  evaporated,  antil  a  crystalliuo  crust  begins  to  form  on  its  aur- 

e,  wleii  il  is  left  w  iuelf.     Citric  acid  CTynuIIiiea  in  large 

^ratals,  tho  prcs«Qc«  of  a  eUffht  excess  of  ralphuric  acid  assisting 

_e  crjstaliiaalion.     The  acid  ift  very  solublo  in  water,  for  it  di.*. 

Bolfu  in  )  of  it«  weight  of  eold,  ana  }  of  its  weight  of  boiling 

vater.     After  a  time,  its  aquc«ua  aolutioos  become  mouldy. 

The  forrauld  of  eilrie  nf'ul  orystallixGd  at  the  ordinary  tt'inpera^ 

rc  is  C,-R,0  6H0,  while  that  of  tho  ticid  dried   at  212°  is 

jp,,H^O  ,^H0,  the  3  eonivalents  of  water  which  remain  b^ing  buic, 
ftnd  rcpla<:eable  b^  cmuvalont  quantitlcB  of  basca.  Tbo  formula  of 
citTat«  of  silver  ig  8AgO,CgII,0„,  and  a  mtihghcitrie  tther  m 
known  of  the  formuU  8(C,H,0).C„U.O.,. 

The  alkaline  citrate*  are  eotuble,  wVile  those  of  tlie  atkalme 
eerthfl  and  other  metallic  oxides  aro  generally  insoluble,  bat  dU- 
Bolrc  in  an  excess  of  citric  acid. 

t\  About  1  per  cent,  uf  crystallised  citric  acid  may  be  obtained 
from  the  juLco  of  common  curranta,  by  fermenting  it  with  beer- 
yeaat,  when  the  Mcchariue  matt«r  is  converted  into  alcohol,  which 
iH  separated  by  distillation;  und  tho  reaidne,  being  eaturated  vith 
chalk,  yields  citrate  of  lime. 

§  1460.  Citric  acid  U  decompoBcd  by  heat,  carbonic  acid  being 
t  diitenjraged,  with  oxide  uf  carbon  and  acetone;  while  at  a 
higher  temperature,  an  oleaginous  BubeUnce  is  formed  which  dta- 
dls.  If  the  operation  he  arrested  at  the  moment  of  the  appear- 
ance  of  the  oleaginous  substance,  the  residue  contains  only  a  very 
small  quantity  of  unaltered  citric  acid,  and  consi.sU  almont  entirely 
of  a  peculiar  acid,  onllrd  aeont'EiV,  because  il  wus  first  funtid  in  a 
ve^table,  tho  aconitum  napellua.  The  composition  of  this  ncid 
CfHOi^HO  is  tho  satne  tut  tnat  of  maleic  acid,  and  its  proportics 
are  very  analogous,  while  it  appears  to  differ  from  it  in  sumu  of  its 
reactions,  and  seems  therefore  to  bo  a  second  isomeric  modi0catian 
of  this  acid. 

Aoonitic  acid  melts  at  nbont  284*',  and  distils  at  S20°  ;  but  the 
product  which  passes  over  is  no  longer  acouitic  acid,  oloaginotis 
drops,  which  crysta-Ilizc  on  cooling,  being  formed.  The  same  pro- 
duct is  necessarily  obtained  by  tho  direct  distillation  of  citric  a<nd. 
It  dissoWes  in  water,  nnd  yiehU  an  add  liquid  depositing  crystals  on 
•vaporation,  which  are  purified  by  b«ng  redissolved  in  alcohol  or  ether. 
They  are  formed  by  a  new  acid,  which  has  been  called  pyroac^ 
nitie  and  itaconie  aeid^  tho  formula  of  which,  in  the  crystallised 
stftto,  is  CJ!,0,,HO,  while  that  of  itoeonate  of  siWeris  AgOjCiHgO,. 

If  itaconie  acid  be  again  distilled,  it  is  soon  found  to  change,  for 
the  oily  drops  which  condense  no  longer  crystallize  by  cooling, 
being  formed  by  a  new  acid,  called  citracoitie.  The  same  acid  may 
be  obtained  by  means  of  tho  crude  product  yielded  by  the  imme- 
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diate  distillaUoQ  of  citric  add,  for  which  purpose  it  stiffices  to  ilist 
it  a  second  ttmo  io  n  retort  hsntcd  in  &d  oil-bath,  and  to  coUw 
scparaU-ly  the  products  whkth  distil  at  u  temperature  bcyoud  89S^ 
A  vorr  fluid,  oolonrlew  liquid  it  thus  obtained,  boiling;  at  413^,  ai 
of  which  tho  dcDsic^  is  1.^7.     Its  formula  bcbg  C,U,0^  ita 
position  ig  conscQueatly  the  wane  as  that  of  anhrdroos  itaconie  i 
£xpoH;d  to  a  mout  fttmoaphoro,  it  kIovIj  ulworbs  the  vapour 
vator,  and  is  converted  into  a  crystalline  compound  which  melts . 
about  176°,  the  formula  nf  which  is  tho  tumc  as  that  of  crjataUixej 
itaconie  acid,  and  their  composition  is  aW  the  same,  wliilo  itaoon' 
add  nicltH  only  at  about  S^*)^,  and  the  crTBtallisod  acid  formed  ' 
the  cunibiuation  uf  luih^vdrou^  eitraeonic  acid  with  water  melts 
178".   The  tiro  products  tu-o  therefore  merely  isomeric.    Uydi 
eitraeonic  acid  yii-lds,  bjf  distillation,  ajihydroua  eitraeonic  acid. 

TAKTAWC  ACID  C,H.0„2H0. 

§  14&1.  Tartaric  is  one  of  the  most  important  of  the 
acids,  and  exists  in.n  great  number  of  fruits,  such  as  gr«pos,  pini 
apples,  mulberries,  and  other  vegetabluH,  Co  a  large  scale  it 
alwaje  made  from  grape-juice,  in  which  it  exists  in  the  sMto  of  ' 
tartrate  of  potawa  and  neutral  tartrate  of  lime,  the  two  salts  * 
ia  solution;  for  the  first  is  eminently  soluble,  and  the  ec 
although  iiiHolublv  in  wat^T,  diaaulves  in  an  add  liquid.  Wbe 
grape-jnice  ie  fermented  in  order  to  bo  made  into  wine,  the  bin 
trste  of  potnsiia  and  tartrate  of  lime  are  slowly  precipitated,  ' 
insolublo  in  the  alcoholic  water,  and  they  funn  a  crusi  which  adh< 
to  the  sides  of  the  barrel.  This  cruiit,  called  tartar,  is  red  or  whil 
according  to  the  colour  of  tho  wine  which  produces  it,  and  ia  mixe 
with  many  foreign  subetAnccs.  In  order  to  purify  this  cntde.  tarter^ 
»t  argol,  it  is  powdered,  and  boiled  for  several  hom-s  with  enos 
water  to  dissolve  it,  after  which  the  liquid  in  then  allowed  to  codl 
when,  iu  the  course  of  a  few  days,  cryslniB  form,  which  adhere  lo  t 
sides  of  tho  vessel,  while  tho  residue  is  composcil  chicily  of  for 
^ubslancGS.  Tlie  crystals,  being  Rcparated,  arc  rodii<aulved  in 
ing  water,  white  clay  and  animal  black  are  added,  and  the  boilix 
liquid  ia  filtered.  The  latter  yields,  on  cooling,  very  pure  cryat 
of  bitartrate  of  potassa,  which  is  the  rrream  of  tartar  of  commer 

In  order  to  extract  tartaric  acid  from  cream  of  tartar,  it  is 
solved  in  nbout  10  [imoH  it^  wci^^ht  of  boiling  water,  and 
powdered  chalk  is  ^^radually  added,  until  effervescence  ceases, 
tlie  lime  has  formed,  with  one-half  of  the  tartaric  acid,  an  in&olnhlj 
tartrate  of  lime,  while  the  other  half  of  the  tartario  acid  rei 
in  the  liquid  in  the  state  of  neutral  tartrate  of  potassa.     A  solut 
of  ohloruic  of  calcium  is  then  added,  until  no  more  precipitate  '» 
thrown  down,  when  the  remainder  of  the  tartaric  acid  is  thus  «eps' 
rated  in  the  state  of  tartrate  of  lime.     The  two  portions  of  tartrat 
of  lime  are  united  and  decomposed  by  sulphorio  acid  diluted 
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the  addition  of  an  excess  of  nctd,  while  the  ineolnble  neutral  taxtnites 
diMolre,  on  th«  contrsrj,  in  an  cxoc«s  of  ocitl. 

§1452.  Potasfta  forms  2  tartrates:  tho  Tumtralf  or  ratlter  biA 
patamic  tarirale  2KO,C,n40„+2HO,  which  dissolves  in  its  ovftJ 
veiglit  uf  water,  aud  los««  by  neat  its  cqiiivaloota  of  vntcr  of  eTj»>j 
tallizatiflti,  and  the  bitartrat^,  or  rather  thu  monopotanic  t<irtratti 
(KO+HO),C,H,0,|„  whifh  is  cream  of  tartar.  Tliis  salt  reqiurcil 
tor  its  solution  IH  parts  of  boiling  and  more  ibua  200  of  cold  water, 
and  it  is  nearly  iniioluble  in  alcohol  at  0.85.  Its  ciystals,  which] 
arc  hard  aijd  opaque,  arc  decomposed  by  beat,  and  yield  a  tnixturtj 
of  carbonute  oi  potassa  and  charcoal,  or  black  fittx,  (§438.) 

Bitortrate  of  potasea  forms  a  compoand  with  boracic  acid,  c«Uc 
aolvhle  cream  o/  tartar,  nhich  is  generally  prepared  by  disscdi 
in  boilific  water  47^  parts  of  cream  of  tartar  and  15J  parts  of  < 
tallised  Boracic  acid.     The  licjuor,  when  evaporated,  learca  a  doiw] 
crystalline  vbite  Rinss,  intwlublc  in  alcohol,  but  which  dissolvea 
1}  part  of  cold  water,  or  in  ^  part  of  boiling  water.     The  fonavlft] 
of  this  Bubstance,  dried  at  212'^,  is 

KO,(C.H,O^BO,). 

At  645°  it  loses  2  emiiv.  of  water,  becoming  K0{C,H,0,30^  i 
the  organic  compound  which  it  then  contains  prencnts  no  longcrdi 
composition  which  we  have  nssigned  to  anbydrous  tartaric  acid 
although  when  redissolved  in  hot  water  it  reproduces  the  origint 
Bubstaiice. 

Soda  also  fnrnig  two  tartrates,  2NaO,C,H,0„+4HO,  which  readilj 
parte  with  its  water  in  a  dry  vacuum,  and  (NqO+IIO),C,[I^O„. 

Ammonia  also  yields  two  tnrtrales,  of  which  the  formulic  are 

2(NH,.n6),C.H,0„+nO,  slightly  soluble  in  water, 
uid        (NH,UO+HO),C,tI.O,,. 

Lime  forois  2  tartrates:  the  neutral  salt  2CaO,C,n40„+BH( 
which  m  nonrty  inHoluhlc  in  enid  water,  and  is  frequently  foimd  ia 
beautiful  crystals  in  crude  tartar,  and  the  acid  t4urtrato  (CaO+UO) 

£y  satorattQj;  cre&m  of  tartar  with  carbonate  of  eodft  and 
tallizing  it,  a  double  tartrate  of  potaRsa  and  soda  is  obtained  (KO- 
NaO),C,H,0„+SU0,  called  RochelU  $aU,  which  is  m<A  in 
dicinc,  and  in  generally  prepared  bv  dissolving  in  boiling  water ' 
part  of  crystallized  carbonate  of  sooa  and  1|  part  of  cream  of 
tar,  when  the  suit  is  obtained  in  targe  prismatic  crjrstals. 

All  the  turtruteu,  when,  dissolved  in  water,  exert  rotation  to  thi 
right,  while  tartrate  of  lime,  dissolved  in  chlorobydrio  acid,  ti 
the  piano  of  pokrtzation  to  the  left. 

Tartar  Emetic  {KO+ahO,),C,n,0,9+2HO. 

1 1463.  Tartar  emetic,  one  of  the  mo»t  valuable  medicines  used,  i 

a  doubin  turtrnte  of  potosta  and  oxide  of  antimony,  accordiog  t 

the  formula  (KO+SbOj),C,H,0„+2HO.    It  is  prepared  by  boS 
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tng  ID  5  or  6  pntto  of  vater  cqna!  parts  of  oxide  of  Antimony  and 
cream  of  tartar,  and  then  glam  of  anlinKiny;  th«  osychloride  or 
mjbiiulphAte  may  bo  substituted  for  tho  oxido.  The  hot.  iiolution, 
when  filtered,  deposits  colourless  crVBtals,  Bolublo  in  2  parts  of  boil- 
ing and  H  of  cold  vat«r,  wUicb,  when  heated  t</  Sl'J",  part  irith 
their  2  oquir.  of  water  of  cry«taltizatioD.  while,  if  heated  lo  442.4**, 
they  lose  2  more  cquir.,  and  the  romiuning  product  (KO+SbU,), 
C,n,0,  no  longer  prvMOta  the  formula  of  the  tartrates,  although  if 
it  be  rcdissolvcd  in  water  it  reproduces,  by  crystolUaation,  tho 
orisiosl  salt,  tartar  emetic. 

Acida  decomiKWd  eolations  of  tartnr  emetic,  bitartrat«  of  potaeea 
and  s  bssio  salt  of  oxide  of  antimony  biung  scpurutcl.  AlkalicA 
and  the  alkaline  earths  uUo  decompose  them,  bat  this  pr^ctpituto  is 
Croqnently  not  formed  for  soma  time,  aa  is  tho  caso  in  potauia  and 
soda;  by  osing  an  excess  of  which  bases  no  precipitate  is  formed, 
because  the  oxide  of  antimony  remains  dissolved  in  tlic  alkaline 
liquid.     Aoitnonia  and  limewater  immedintelv  effect  a  precipitate. 

Sulfbydric  acid  decompcecs  the  solution  of  tartar  emetic,  and  an 
or»Dge*Coloured  precipitate  of  sulphide  of  antimony  is  formed.  Tar- 
tar emetio  is  decomposed  bylieat,  and,  when  calcined  in  a  close  ves- 
sel, yields  a  residue  of  antimoniuret  of  potassium,  (§  1017.)  while  in 
Marsh's  apparatus  it  produces  abundantly  antimonial  deposits, 
(S1016.) 

By  dissolving  in  boiling  water  9  parts  of  tartar  emetic  and  4  parts 
of  tartaric  acid,  evaporating  tlie  solution  by  a  gentle  heat,  and  then 
leaving  it  to  iifielf,  crystnlt  of  tartar  emetic  first  separate,  and  then, 
by  continuing  the  evaporation,  a  crystalline  compound,  efilurcsccnt 
nod  rcry  soluble  in  water,  is  deposited,  the  formula  of  which  is 
{KO  +  SbOO,2C,H,0„+7UO,  corresponding  to  that  of  a  neutral 
tartrate.  Tartar  emetic  can  also  combine  with  3  e()utv.  of  bitarlratc 
of  potaasa,  which  compound  is  obtained  by  dissolmg  together  10 
pans  of  tartar  emetic  and  16  of  cream  of  tartar. 

Lastly,  by  pouring  into  a  solatJon  of  tartar  emetic  nitrate  of  silver 
or  acetate  of  lead,  precipitates  arc  obtained  which  arc  species  of 
tartars  emetic,  in  which  tho  oxides  of  silver  or  lead  repkco  the 
poUssa.  Their  formulaj  are  (AgO-l-ShO,),CgH  0„  and  {PbO+ 
SbOj),C,H^O,^  etc.  etc. ;  and,  like  tartar  emetic,  they  lose  2  cquiv. 
of  water  at  a  nigh  temperature. 

Modifiealiont  of  Tartaric  Acid  by  Seal. 

%  1454.  When  tartaric  acid  is  rapidly  heated  in  an  oil-bath  to 
the  temperature  of  888",  it  fusos  without  loaing  any  water,  while  its 
composition  is  remarkably  modified;  for  when  redissolved  in  water 
and  oomhincd  with  the  various  bases,  it  yields  salts  which  difier  in 
their  forms  and  solubility  from  the  ordinary  tartrates.  The  name 
of  mttatartaric  has  been  given  to  thin  modified  tartaric  acid.  The 
bimetatartrate  of  ammonia  (N1I,11U  +  1IU),0,11,(>„  is  mucb  raoro 
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Bolnble  than  the  bitortrate,  ftnd  produces  cryataJs  of  s  totatlj  dif- 
ferent form,  and  tbo  former  salt  does  uot  precipitate  a  solutioo  of 
Bhloride  of  calcium,  whilo  the  bimrtrate  does.  Boiling  converu 
'XDctatartratcs  into  bitartratcft. 

tiy  inuiutaiuing  rnolu-d  tartaric  acid  for  a  lone  time  at  a  tempen- 
turu  of  338"  it  uixlcrgui-e  a,  second  isomeric  mooificaiioD,  aod  loisu 
au  acid  calk-d  uotartaric  acid,  which,  nhile  exhibiting  the  same 
coupoation  aa  tortaric  ucid,  appears  to  differ  flrom  it  bj  saturattDg 
only  1  eqniv.  of  baao.  Isotartnit©  of  lime  (CaO+110).C,U,0„  di»- 
solvcs  readily  in  cold  water,  producing  a  solution  behaving  perleotly 
Deatral  with  littnas  paper,  which,  when  boiled,  beoomra  utnd  and 
deposits  cr^rstnU  of  neutral  tnctatiirtrate  of  lime.  Isotartrate  of 
ammonia,  is  a  deliquescent  salt,  eauly  converted  by  beat  into  tho 
bimi?ttitartnite. 

By  heating  tartaric  acid  rapidly  to  3(36°,  it  first  mclte,  ewcll;t  up, 
loaes  12  pur  cent,  of  water,  and  finally  solidifies  again,  forming  a 
eub&tonco  of  the  formula  C,H«0,o,  wluch  has  become  inaolubl*  in 
water,  and  may  b«  eaaily  separated  by  washing  from  the  portions 
whicb  have  not  yet  undorcoDd  the  tr&nEformation.  This  substiaco, 
vhich  has  been  called  anhydrout  tartaric  acid  bocau&e  it  presents 
the  cotBpo«ition  of  the  acid  in  the  anhydroiia  tartratce,  ia  equally 
insoluble  in  alcohol  and  ether;  while,  mhuu  in  contact  with  water, 
it  IB  eoQvcrtod  succcealvoly  into  the  preceding  modifications  of  tar- 
taric acid,  the  trauBfomiution  being  very  ruptd  in  contact  with  boil- 
ing water  and  the  bases. 

^  1455.  By  heating  tartaric  acid  to  dititillatioa,  it  undergoes  a 
decomposition  which  produces  two  new  |iyrog«natcd  acids,  whieb 
have  been  called  pyroracermc  aud  purotarlaric  acid. 

Pyroraveinic  acid  ii  chiefly  fornieu  when  tartaric  acid  is  rapidly 
diiitulcil  ut  a  temperature  of  '128°.  Tbo  product,  eubjcctcd  to  a 
second  distillation,  yields  a  very  acid  liquid,  consisting  of  a  mixture 
of  pyrornccmic  and  acetic  aeida,  which,  when  saturated  with  carbonate 
of  lead,  forms  soluble  acetate  of  lead,  uhile  the  pyroraccmate  of 
lead  reniain.4  in  tlie  shape  of  an  insoluble  precipitate.  The  preci- 
pitate ia  rapidly  washed  in  cold  water,  suspended  in  water,  and  de- 
coinpnsed  by  a  current  of  Hutf  hydric  acid  gas,  and  the  acid  solution, 
wiicn  evaporated,  ts  reduced  to  a  &ynipy  condition  without  crystal- 
liiiug.  Pyroraccmio  acid  forms  a  great  number  of  sails;  tbe 
pyrorucematc  of  potass  is  deliquescent,  wliite  tliat  of  soda  crystal- 
lines readily,  and  the  salt.s  of  lime  and  baryta  are  soluble  in  water. 
Pyroraocmoto  of  silver  i?  obtained  by  double  decomposition,  and 
separates  in  Bmall  crystalline  spangles  of  the  formula  AgO,0pH,O^ 
allowing  the  formula  of  anhydrous  pyroracemic  acid  as  it  exuta  io 
dry  aalla  to  be  C^UjO,.  The  name  given  to  this  add  ia  very  im- 
proper, for  it  eeema  to  indicate  that  pyroracemic  acid  is  a  special 
pyro^ateJ  jtroduct  of  racemic  aoi^  which  is  preseatly  to  be 
described. 
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If  Urtaric  acid  lie  rapidly  lie&ted  to  about  ^70°  the  prodacts  of 
its  decotDpositinn  itifftir  from  tliosa  just  indicmted,  tut'i  tfao  rcc«iTcr 
coDtains  a  browu  Uijoid,  wliicli  itt  8ubjeot«d  to  a  MMXind  dustiUatiun. 
The  first  products  ar«  collected  BOparately,  and  the  recoiver  changed 
vhen  the  substance  la  the  retort  becomM  sjrnpj.  The  liquid  which 
then  distib  sets  ioto  a  crretaltino  mass  under  the  receiver  of  aa 
nir-pump,  and  the  crystals  are  pressed  between  several  folihi  of 
tissue-paper,  in  order  to  fre«  thorn  from  adherent  empTreaniatic 
matter,  rcxlissolrod  in  water,  and,  after  having  discolourcu  the  soIop' 
tion  b;  boiling  it  vith  a  sniiLlI  quantity  of  animal  black,  it  is  again 
eraporatcd,  and  jiolds  cr;Mta!»  of  pure  pyrotartarie  aeid,  A  much 
larger  proportion  of  pyrut4U-t:Lric  acid  ib  prepared  br  subjecting  t« 
tho  action  of  heat  an  lutimo-tc  nuxtuio  of  tartaric  atod  and  platiuum- 
epouge,  or  even  of  poworud  pumico-stone,  the  latter  substance  as- 
sisting the  decomposition,  which  then  token  place  at  a  lower  temper- 
ature. Pyrotartarie  acid  molts  at  about  212°,  and  diatilg  at  836*, 
while  a  portion  of  it  a  ducoiupo^vd.  It  is  vcrj  soluble  in  vaCor  aod 
alcohol,  and  its  solutiona  are  not  precipitated  1jJ[  baryta  or  linfr'' 
water.     PyrotortAric  acid  is  pTohaDly  a  monobmic  aod,  of  ittidk 
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the  formula,  iu  atdiydroua  salu,  i 

PABATARTARIC.  BACEMIC,  OR  DVIC  ACID  C,H.O.»3nO+Ha 

§  1456.  The  acid  to  which  these  rarioos  names  hare  been  given 
has  only  been  obtained  once,  accidentally,  in  making  tartaric  acid 
ou  a  large  scale,  and  never  has  boon  unco  produced.  We  shall  ro> 
tain  the  name  of  racemie  aeid  alone.  Tho  composition  of  racemifl 
ftcid,  vben  dried,  is  exactly  the  same  ts  that  of  tartaric  acid,  and 
the  coinpo.<iitinn  of  the  salts  it  forms  with  the  different  baiiea  is  also 
identical  with  thoee  of  the  oorresponding  tartrates,  the  two  acids 
exhibiting  one  of  tho  most  rrmarltable  examples  of  isomerism,  but 
crj'stalliied  racemie  add  contains  1  equivalent  of  water  more  than 
tartaric  acid,  which  is  cosily  driven  off  by  heat,  llacomic  acid  dif- 
fers from  tartaric  acid  in  the  crystalline  form  and  solubility  of  its 
wits,  and  also  in  its  physical  propertita,  particularly  in  the  abeeoM  i 
of  all  rotatory  action  on  the  plane  of  polarisation.  But  we  shall ' 
soon  sec  that  this  neutrality  is  owing  to  its  being  the  union,  in  equal 
freights,  of  two  ac'i<U,  one  of  which  is  tartaric  acid  itself,  and  the 
Other  an  acid  which  differs  from  it  only  by  an  opposition  of  hfr- 
mibedriam  in  crystalline  furniii,  and  by  an  equally  identical  rotatory 
power,  but  in  an  opposite  direction.  iJevertheless,  for  tho  too-, 
mcnt,  wc  shall  continue  to  describe  the  properties  of  raoemid  i 
acid  a«  though  it  were  simple,  in  order  to  oonfonn  to  the  laoj 
adopted. 

Racemie  ia  much  less  solublo  in  water  than  tartaric  acid,  and  as 
it  only  diKiolvcs  in  6.7  parts  uf  cold  water,  it  is  easily  separated 
ftom  the  latter  acid  by  crystal  iuution.     The  two  acids  are  ^so  dis^ ' 
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tingui«hod  bj  the  manner  in  which  they  hohaTc  with  litncwater: 
thoB,  tartaric  acid  docs  not  form  immediately  any  precipitate  in 
Kme  water,  and  a  crystalline  deposit  is  not  thrown  down  nntil  after 
iiome  time,  Thil«  raeetnic  acid  immediatoly  affords  a  white  prftdjM- 
-tnte.  liy  dijMolving  separately  in  weak  chlorohydric  acid,  tartrate 
»nd  racemate  of  lime,  and  carefully  saturating  the  two  liquids 
with  ammonia,  the  racemate  of  Ume  is  Jmraediateiy  precitatated 
'  in  an  opaque  crystalline  powder,  while  the  tartrate  of  Timo,  os 
ihc  contrary,  is  slowly  deposited  in  the  foim  of  small  transpftreot 
cryatala. 

Like  tartaric  acid,  racemic  acid  ia  a  bibasic  acid,  and  fonns  two 
iaits  with  potassa,  one  (KO  +  HO,)C,I!,Oy,  corresponding  to  cream 
«f  tartar,  and  crcn  less  oolablc  than  that  tartrate,  while  the  other 
2K0,C,n  0„  is  very  soluble. 

Ammonia  yields  two  nalttr:  (NH„HO  +  HO},C,H,0»,  which  only 
diflsolves  in  100  pBrt»  of  water;  and  2(Nirj,1 10), 0,11^0^  which  is 
very  soluble,  and  affordB  beautiful  crystals. 

The  Bait  of  soda  (Na0+HO),CJ[.O,(+2I10 dissolves  in  I2parta 
of  water,  while  the  salt  2NaO,C,n/)jQ  is  much  more  soluble. 

Itacemlc,  like  tartaric  acid,  forms  cry»t.illi liable  double  salts, 
and  produces,  with  potnssa  and  Hoda,  a  double  racemate,  having  the 
samo  composition  as  Rochelle  salt,  but  difieriDg  from  it  io  its  crys- 
talline form  and  in  its  solubility. 

Subjected  to  the  action  of  heat,  raceimc  acid  appears  to  afford  tbt 
Bame  inodificntinns  as  tartaric  acid,  and  pyrogeoated  acida  identical 
with  those  produced  by  the  latter  substance. 

Deztrchraeemie  and  Levo-raeemie  Aeid, 
§  145T.  The  solution  of  the  neutral  racematcs  of  isoda,  potana, 
or  ammonia,  and  even  that  of  a  double  racemate  of  polni^sa  and  an- 
limouy,  exert  no  rotatory  power,  and  if  they  be  allowed  to  evaporate 
Bpontancously,  the  form  and  all  the  other  ]jbysioaI  properticfl  of 
tlie  cryatala  propreseively  precipitated  are  identical  in  each,  and 
they  arc  merely  distia^Bhcd  from  each  other  by  their  eize. 

Such  is  not  the  cose  with  double  racematcs  of  soda  and  ammonia, 
or  of  soda  and  potassa.  Their  solutions  are  still  deprived  of  rotatory 
power,  but  tlic  eryatnls  deposited  by  cuch  arc  of  two  kinda,  distin- 
ffQitihed  from  each  other  by  hemiliodral  fiicots  in  opposite  direettMis. 
If  they  arc  separated  acuordiiig  Io  this  character,  and  each  sort  dis- 
solved hy  itself,  two  solutions  are  obtained  pu&8es»inc  oqual  and 
inverse  rotatory  powers,  so  that  if  they  arc  raised  togetncr  ra  equal 
i|iuu)tity,  the  resulting  rotatory  power  Ls  null,  like  that  of  the  on* 
pual  solution  before  the  separation. 

As  a  ungle  sorting,  by  hand,  is  never  strictly  exact,  seftaration 
may  be  effected  more  perfectlv  by  rediesolving  each  sort  of  orjlUl 
separately,  and  rejecting  the  first  which  are  deposited.     Those  sub* 
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*'ll^ntly  obtained  are  genorallj  formed  oloac,  lud  of  a  single  sort, 
ihaa  completinf;  the  separatioa. 

The  »cid  peculiar  to  each  sort  of  cr^tal  is  extracted  from  ita 
salts  in  a  siiuilar  manner  aa  tartaric  acid  is  extracted  from  the  tur- 
trates.  One  of  tht?  add»  exerts  rotRtion  totrard  the  right,  like  tar- 
tario  acid,  and  irith  (he  same  special  characters  of  diapcrsiou;  auil 
while  itn  chemical  coroponitiotL  is  the  same,  it  also  beharos  exactly 
like  it  in  the  presence  of  boracic  acid  and  the  alkaline  bases,  pro- 
ducing crystiua  of  exactly  tbe  same  form.  In  short,  nothing  dis* 
tisguishoe  it  from  ordioar}|  tartaric  acid;  bat  it  ia  nevcrthelcfis, 
c«Ded  dertro-raccmic  acid,  in  order  to  recall  its  origin,  and  to  not 
dedde  too  hastily  on  itJt  deasity. 

Tho  other  acid,  extracted  from  crysUhi  of  the  opposite  form,  is 
ideiiticu)  Willi  lurturiu  acid  iu  its  ponderable  vompoHition,  bat  ex- 
actly inrcrse  in  its  rotatory  propcrtios.  They  are  exerted  toward 
tlie  lef^  aa  thuso  of  tartaric  acid  toward  the  right,  with  the  same 
energy,  tho  same  la-n'S  of  dispersion,  and  evincing  similar  reactions 
in  the  presence  of  the  buuiu  subetancctf.  It  has  been  called  !evo* 
roMmie  acid,  and  it  crystallizefl  in  tho  sume  form  aa  tartaric  acid^ 
except  that  its  crystals  have  hemlliedrul  facctJi  in  oppOHite  direc- 
tions. 

Lcvo-racemic  and  dextto-raccmic  acid  being  Jissolvod  together 
in  equal  Toights,  combine  immcdiatolj,  and  reproduce  racemic  acid, 
the  mixed  solution  becoming  neutral  in  polarized  light,  and  tho 
crystals  deposited  by  it  exhibiting  no  diatinclJve  characters.  Tha 
individual  uiiviymmctry  of  the  two  compounds  has  disappeared  iiL 
their  union,  and  when  eumbiued  tlicy  are  identical  vrich  racemic 
acid  which  has  not  been  dooompoacd. 

TANNIC  ACID9. 

§1458.  Th«  name  of  tannta  has  been  given  to  several  snb-i 
stances, probably  ofdiffcrcDtcomiKiattion,  wliich  posSGM  tlie  proMf^^ 
of  forming  insoluble  compuuiKhi  wltb  albumen,  j'luton,  gelalm,  fi- 
brin, the  animal  tissues  in  general,  and  tho  epidermis  and  skin  of  ani- 
mals. These  compounds  will  not  putrefy,  and  arc  unchangeable 
by  water :  on  which  properties  is  founded  tbc  proce«s  of  tanning  of 
»kins,  to  be  dcMcribcd  at  the  close  of  lliia  worlc.  Tannins  exist  ia 
almost  all  vegetables,  in  the  bark  and  leaves  of  troca,  and  the  aoeds 
of  &nit8 ;  the  oak,  chestnut,  elm,  and  willow  containing  largo 
qnantitiea  of  it,  while  it  occurs  most  abundantly  in  gnlU,  a  sort  of 
excrescence  wbicb  grows  on  the  leares  of  the  oak  when  they  karo 
been  punctured  by  a  certain  insect. 

In  order  to  extract  tannin,  the  galU  are  finely  powdered  and 
introduced  into  a  displacer,  (&g.  683,)  the  neck  of  which  hw. 
been    previously    stopped    witli   a   plug  of    cotton,    the    powder 
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on.  Tbe  tubo  ia  corked,  nai  adjusted  in  a  flask,  as 
represented  in  the  figure;  when  tto  ether  filters  slowly 
throtigh  the  ealls,  vhuc  the  tannin  contained  in  the  latter 
dissolves  in  the  water  given  off  by  the  ether,  a  very  small 
portion  bein£  diffiolvod  bv  the  other  itself.  Tho  liquitl 
which  (alls  into  the  flask  divides  into  two  layvrs,  tbe 
inferior  stratum,  of  the  consistence  of  Bymp  and  colour 
of  waber,  being  a  highly  concentrated  aqueous  solution 
of  tannin,  while  the  upper  Inyor  is  ether,  holding  in  solu- 
tion a  smnll  quantity  of  tannm  and  some  other  auitftancej 
extracted  from  tho  galls.  The  other  is  again  poured  upon 
gulls,  ill  order  to  abstract  an  additional  portion  of  tannin ; 
ond  tho  aqueous  solution  of  tannin  is  shnVon  several  times 
Fig.  «83.  ^j(jj  pyj.g  (.thcr,  and  then  evaporated  under  the  rcccivcrof 
an  air-pninp,  when  a  apongy  mass,  without  any  appearance  of  crys- 
tallization, generally  slightly  yellowiah,  remains,  consisting  of  tannin 
in  its  greatest  state  of  purity  Known.  It  is  a  spongy,  briuiojit,  rory 
light,  generally  yellowish  substance,  but  sometimes  is  obtained  of » 
jpttfecuy  white  colour.  It  dissolves  freely  in  water,  and  givca  it  a 
Stnmgly  nstriogent  taste ;  and  as  it  reddens  litmns  and  decomposes 
the  coroonutes,  it  is  often  civlled  tannic  acid.  Tannin  combinw 
Tdth  bases,  and  precipitates  tho  majority  of  the  metallic  eolutioot, 
tho  colours  of  tlic  prccipiutles  being  froqaently  choractcristk ; 
whence  tannin  and  an  infusion  of  gaUs  are  often  used  as  testa  to 
dustinguii<b  viu-iouH  mctala  from  each  other.  Tho  compoaition  of 
tilllUD  dried  at  248"  corrfwpoiida  to  the  formula  C^HjOj^  which 
Bboold  probably  be  written  CuH,Oo,3IIO;  for,  on  [wuring  a  solu- 
tion of  taiuiin  luto  a.  boiling  solution  of  acetate  of  lead  aod  main- 
taining ebullition  for  some  time,  a  yoUow  precipitate  of  the  fonnula 
8PbO,C„H,0,  is  formed. 

Tannin  yields  a  dccp-bluo  prccipitat«  with  KMuisolts  of  urom 
which  compouaJ  is  very  iuiportaut,  being  the  coloormg  principle  of 
ordinary  writing-ink.  In  order  to  prepare  ink,  IJ  part  of  pow- 
dered galls  arc  Lolled  for  3  hours  with  15  of  wuter,  filUnx  op  tbe 
water  as  it  evaporates ;  nflcr  which  the  liquid  is  filtered  aad  3 
porta  of  gum  and  1  part  of  prolosulphate  of  iron  are  added,  bcaides 
fir»qnontly  a  small  quantity  of  a  solution  of  copper.  The  mixture 
is  frequently  tthakcD,  and  exposed  in  open  vcshcIb,  io  order  that  the 
protoxide  of  iron  may  absorb  oxygen  from  llio  air  and  be  converted 
mto  sesquioxidc,  whiob  cauMs  dio  colour  of  the  liquid,  at  firai 
brown,  gradually  to  deepen  and  become  bluish  black.  Oxidation 
being  arrested  at  the  proper  shade,  the  ink  is  bottled.  This  kind 
of  ink  contains  a  large  amount  of  protoxide  of  iron,  at  the  moment 
of  uRing  it,  and  the  marks  which  it  leaves  on  paper,  being  at  first 
pale,  turn  black  when  they  have  absorbed  the  oxygen  necessary  for 
the  peroxidation  of  the  iron. 
Tonnti)  completely  precipitates  gelatin  and  albuminous  substances 
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from  their  solutions;  *nd  anitniU  metnbranos  tuiH  ekinii,  (lipped  into 
a  solution  of  tannin,  nltimately  abstruct  all  tbu  substance  which  ia 
iDcorporatL-d  in  the  tncmbraoe,  thus  rendering  it  unehangeable  Bud 
imputrcfiAble. 

Tannia  combines  aliio  uritb  a  large  omaber  of  the  mineral  acida, 
and  forms  ill-defined  oompoundB,  »ciluble  tu  pure  vatcr,  but  vetj 
slightljr  so  in  an  excesa  of  acid- 

Gallic  Acid  C,H,OpHO. 

1450.  Gallic  acid  is  alvays  prepared  from  taniuD  or  galla,  and 
several  prooessos  may  be  adopted. 

1.  By  causing  fiulpliuric  or  chlorohydric  acid,  diluted  with  8  or 
10  times  tlicir  weight  uf  water,  tu  act  on  tannin,  aiid  boiling  tho 
mixture  fur  about  12  hours,  taking  cu.ro  to  fill  u]>  the  water  as  it 
«vaporatf.-M,  the  tannin  is  almost  wholly  converted  into  gallic  add, 
the  creat«r  portion  of  which  cryBtalUzes  during  the  cooling  of  the 
liquid. 

2.  By  exhausting  povrdered  galls  with  cold  w&t«r,  coacentratina 
the  filtered  liquid  by  cvnporation,  and  saturating  it  exactly  with 
caustic  poiaasa.  Chlorohydri^  acid  a  added  to  the  liquid  when  cooled, 
when  a  deposit  of  brown  cryatals  of  impure  gallic  acid  is  precipi- 
tated, which  is  disAolved  iu  boiling  water;  and  the  hot  solution 
being  left  for  some  time  in  contact  with  animal  black,  which  removes 
the  colouring  mutter,  the  filtered  li<[uid  ni  allowed  to  cool,  when  th« 
gallic  acid  crystsltiaea  in  a  state  of  purity. 

3.  The  process  iwmilly  employed  in  the  preparation  of  gallic  acid 
ia  founded  on  a  peculiar  niid  !;pO!ituueou@  formeiitaliuu  experienced 
hv  galls,  and  by  which  its  tiianin  is  couvertt-d  into  gullie  acid. 
Moifiunied  and  |)owdi*red  gultu  are  left  for  several  mouths  at  a  tem- 
jjcraturo  of  68*'  to  80*,  iu  an  eiirthen  vessel,  when  the  substance 
ftecomes  covered  with  small  whitish  crystals  of  gallic  acid.  Toward 
the  dose,  the  eubstanec  ia  allowed  to  dry,  and  ia  treated  with  boil- 
ing alcohol,  which  dissolves  the  gallic  acid  alone,  and  <Ieposits  the 
greater  pi>rtion  of  it  on  cooling.  If  an  extract  of  galls  W  sabsti- 
tutcd  for  the  giilb,  the  transform Btion  of  the  tannin  lakes  place  in 
the  same  way,  though  more  slowly ;  while  if  a  Bohiiion  of  pure  tannin 
1m  used,  the  tranHformation  does  not  ensue.  VTo  are  hence  naturally 
led  to  infer  that  galls  contain  eubstanceii  which  induce  the  conTer- 
non  of  tannin  into  gallic  ucid,  aud  which  behare  like  ferments,  since 
the  trnneforuiation  is  arrested  by  all  tmbstanoos  which  do«troy  the 
funncutation  of  thu  ycust.  The  presence  of  air  does  not  appear 
to  bo  necessary,  because  gullie  fermentation  of  extract  of  galls 
takce  place  even  in  an  hermeticiilly  closed  vessel. 

Gallic  aeid  cryBtallizes  ia  long  silky  aciculie,  which  are  »om»- 
times  perfectly  white,  but  more  frequently  slightly  yellowish ;  aod 
it  is  oopoBited  in  larger  prismatic  crystals  from  an  alcoholic  or 
ctherial  solution.     It  dissolTea  in  100  parts  of  cold  and  in  S  only 
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of  boiling  TTftter;  and  it  neither  prcdpitales  geUtin  nor  ansdlM ; 
tu>clf  to  nnimal  membranes ;  thus  famUhing  a  readj  method  of 
Beparating  it  froni  ta-onin. 

The  formula  of  crystnlliaed  gallic  acid  U  C,H,OpHO,  and  it  losM 
]  eqnivalcnt  of  water  at  212".  The  acid  forma  a  large  number  of 
saltti,  the  composition  of  vhich  has  not  yet  been  sufficiently  studied; 
and  therefore  chemists  are  not  agreed  upon  the  formula  for  aohy* 
drou^  ^llic  acid. 

By  dropping  an  alcoholic  solution  of  potassa  into  an  alcoholic 
solution  of  gallic  acid,  until  perfect  Haturation  is  eiTected,  white 
flakce  of  a  eah  of  the  formula  K0,3(C.H,0,)  are  deposited ;  while 
an  excess  of  potnaaa  decomposes  the  gallic  acid. 

By  exactly  eaturating  a  solution  of  gallic  acid  with  ammoma,  a 
vlt  15  obtained  by  rvapnration,  of  which  the  coroposition  correspoDds 
tothefonimU(Nnj,UO),2C,n,0,+  lIO;  wlUle,  if  only  one-half  of 
the  ammonia  nceoA^ary  to  {saturation  be  addod,  there  results  a  com- 
pomid,  slightly  soluble  whc!!  cold,  aud  corresponding  to  the  formola 
TN  H»,iIO),C,  U  0,+ C.H,Oj. 

T^  gallate  of  Icao,  which  is  precipitated  by  pouring  a  Bolutiaa 
of  gallic  acid  into  a  boiling  solution  of  acetate  of  lead  in  excete, 
fonuA  white  flakm,  which  change,  by  heat,  into  y^llowiab  crystallina 
granules,  corresponding  to  the  formula  l!i'bO,C,llU,. 

It  therefore  rre4|u<<titly  0(!curs  in  the  gal1ate«,  that  the  acid  in 
combination  with  the  base  presents  the  formula  CtUO,,  which  woald 
seem  to  indicate  that  such  is  the  compoxitioD  of  anhydrous  ^llic 
acid,  and  that  crystaUixed  gallic  acid  should  be  writteo  C,UOji2H0 
+  110;  one  of  the  equivalents  of  water  being  water  of  crysulliKa- 
tion,  while  the  other  two  arc  basic. 

The  wjucous  solution  of  gallic  acid  remains  imchanged  in  well- 
closed  vossehi,  but  soon  hecomeii  mouldy  in  the  air.  (rallio  acid' 
diMQlves  in  concentratctl  hot  sulphuric  acid,  forming  a  red  liquid, 
which,  when  poiyod  into  cold  water,  yields  a  red  crystslline  preci* 
pitato  of  the  formula  0,11,0^;  which  new  compound  differs  from 
crvittallixod  gallic  acid  only  in  the  loiui  of  2  equi^'alcDta  of  water. 

A  solution,  of  gallic  acid  coloura  scsquisalts  of  iron  of  a  deep  blue ; 
and  when  the  liquid  is  concentrated,  a  precipitate  of  the  same  colour 
is  formed.  Gallic  acid  precipitates  scvcrol  metals  from  their  solu- 
tions, particularly  ailvcr  and  gold,  which  reduction  is  more  casilj 
effected  in  the  light  of  the  sun.  ' 

§  1460.  By  heating  gallic  acid  in  u  retort  over  an  oil-hath,  it  first ' 
loses  1  equivalent  of  water,  and  then  melts,  and  if  the  tomperaturo 
bo  raised  to  365",  and  kept  stationary  for  some  time  ut  this  point, 
carbonic  acid  ia  disengaged,  whilo  a  pvrogcnated  acid,  ptfrogaUic 
acid  0^11,0,,  sublimes  in  white  crystalline  spauglee,  only  a  small 
brown  rraiduc  being  left  in  the  retort.  The  reaction  wnioh  pro- 
duisM  pyrogallic  acid  is  expressed  by  the  following  equation  ; 
C,1I,0.-C0,+C,II,0^ 
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If,  OQ  the  contrary,  the  temperature  be  saddenl/  raiaeiJ  to  460° 
or  480^,  water  and  carbonic  acid  are  both  discajt&ged,  sod  a  small 
qmntity  of  pyrogallic  iicid  »liH  sublimes,  wliUe  tbe  greater  portion 
of  the  gallic  acid  ta  converted  into  a  brown  substance,  which  ro- 
icains  in  the  retort.  In  ita  appearance  and  chemical  properiicB, 
this  acid  cloaely  reaernblefl  hamic  and  ulmic  acids,  (§  1307,}  being 
insoluble  in  water,  bat  diamilving  in  alkaline  liquids  and  fornuDg 
brovD  solutions,  from  which  acidfl  precipitatG  the  original  mbetanw 
HDcbanged.  Tbia  Hubntuooe  Iibh  been  caWd  metagailK  add,  aai 
ttt  composUion  corR-F!punJ»  to  the  formula  0^11,0, ;  the  reaction  by 
wbkli  it  is  derived  from  galUc  ucid  being  expressed  by  tLo  equa- 


C,H,0,=C,H,0,+CO,+HO. 


3Pyra^]lic  acid  may  be  prepared  by  carefully  heating  powdered 
_  "  or  Btill  better,  its  evaporated  extract,  in  an  earthen  vessel 
OOVSred  with  a  pasteboard  cone,  when  crvstalii  of  the  acid  sublime 
on  tbe  sjdee  of  the  cone.  Pyrognllic  acid,  which  is  very  aolnble  in 
wat«r,  alcobol,  and  ether,  melts  at  2'u°,  unblimes  at  about  410°, 
and  is  decomposed  at  482**  into  water  and  mctagallicacid.  It  torus 
salta  of  the  protoxide  of  iron  of  a  deep  blue  colour,  and  those  of 
the  eeiKi^uioxida  of  an  intense  red. 
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SHaffie  Aeid  C„n,0„HO. 

§  1461.  Extract  of  galla,  expostjd  for  a  long  time  to  the  air,  con- 
ing, in  addition  to  gallic  acitl,  another  acid,  insoluble  in  water, 
and  to  which  the  name  of  ellat/ic  bos  been  given.  This  latter  and 
is  extracted  from  the  deposit  formed  at  the  Jiuttom  uf  the  vvseel,  by 
treating  it  first  with  boiling  water  which  dieaolvea  the  gallic  ucid, 
and  then  with  u  Holutiou  of  potassa  which  di^dolves  tbe  gaUic  acid 
in  the  state  of  ellagatc  of  potassa.  The  alkalino  liquid,  when  era- 
pumtcd,  deposits  the  latter  salt  in  the  form  of  email  crrstaUme 
spangles,  insoluble  in  freeh  water,  but  dissolving  rewlily  in  an  al- 
kaline liquid.  Acidj  separate  cllagic  acid  in  the  form  of  a  slightly 
yellowish  powder. 

Ella^ic  acid  is  insoluble  in  water,  alcohol,  and  ether,  and  its 
compoc^ition  corresponds  to  the  formula  C^Jlfi,^.  Tt  loses  2  eqnt- 
^-alenta  uf  water  at  348°,  when  its  formulobecomcs  C,4Q]0,.  The 
formula  of  cltagic  acid  iu  combination  with  ba»es  being  C„II,0,, 
Hub  of  the  dried  acid  is  therefore  CuO|H„UO,  and  that  of  the 
hydrated  acid  C^.H,0^H0+2H0. 

EUogic  acid  also  occurs  in  the  animal  economy,  sometimes  fonn- 
iog  coDCretioDs  kuowa  by  the  name  of  ^zoort. 


Mectmic  Acid  C„nO„,3HO. 

§  1462.  Meconic  acid  is  extracted  from  opium. 

SB 


When  chloride 
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of  caloiom  IB  poured  iQto  &n  infusion  of  opium,  a  precipitate  of  im- 
ptire  mcconate  of  lime  is  formed,  wUch,  after  being  washed  sacces- 
wTcIj  with  water  sod  &Icoliol,  in  treated  with  20  wm  of  hot  water, 
to  which  8  pans  of  chlorohjdrlc  aeid  arc  addco,  when  tlie  filtered 
liquid  dcpofitfi,  on  cooling,  acid  moconatc  of  limo.  Tho  salt  is  di- 
mated  with  the  same  quantity  of  hot  acidulated  water,  and,  on  ■ 
ing,  the  mcconic  acid  separates ;  but  it  is  gonorallj'  ni?C0B«iry  to 
peat  tliia  operation  once  or  twice  hcforo  obtoJning  the  ncid  entit 
^ee  from  lime.  The  impuro  meconic  acid  ian.y  also  ho  comt 
with  potaeen,  and  the  meconato  of  potoesn  decomposed  by  cblo 
hydrio  acid,  after  being  pnrificd  by  crystallization. 

Meconic  acid  disaolvca  in  4  parte  of  koiUiig  water,  from  which  '. 
is  almost  wholly  deposited,  on  cooliug,  in  the  form  of  cr^ 
pearly  white  epauglca.    It  is  decomposed  by  long  boiUng  with  water? 
particularly  in  the  presenco  of  calorohydric  acid ;  carbonic  acid 
being  disengaged,  while  a  new  acid,  called  comenic,  is  formed.   It 
also  destroyed  by  contact  with  alkaline  liquids,  yielding  coi 
OBted  products. 

The  composition  of  crystallized  meconic  add  is  repreMiitcd 
C,,H„0„,  which  formula  should  be  written  C„HO„.3HO+6H< 
because  the  ti  cquivaJcnta  of  water  of  crystalliKaiion  arc  driven  ■ 
at  212°,  while  the  3  equivalents  of  bneic  water  mav  bo  replac 
either  wholly  or  partly,  by  bases.     In  fact,  the  three  folio* 
meconates  of  potassa  have  been  obtained : 

3K0,C„H0,y    (2KO+H0),C„HO..,  (K0+2HO),C„HO, 

By  pouring  nitrate  of  silver  into  n  eolation  of  meconalc  of 
monift,  a  yellow  precipitate  of  the  formula  8AgO,C„HO„  is  fon 

MecoDic  acid  presents  therefore  all  the  characters  of  u  tril 
acid.    It  produces  a  beautiful  red  colour  with  sceqaisnlta  of  iron,  i 

§  146S.  By  boiling  moconic  acid  for  some  time  with  oddnlai ' 
water,  it  is  converted  into  comenic  acid,  while  onrbonic  acid  is 
engaged.    The  formula  of  comenic  acid,  is  0^11,0^2110,  the  2  eqn 
valents  of  water  being  botno,  for  the  formula  of  comcnato  of  efli 
is  2AgO,C^H,0,.     Meconic,  by  being  couvt-rted  into  oomenic  i 
loses  only  carbonic  acid,  according  to  tho  cqiution 

C„HO„,3HO=2CO,+C„II,0„2HO. 

Comenic  actd  ia  also  largely  formed  in  the  drv  diatlllatioa  of  n 
conic  acid,  but  it  is  then  nuscd  with  another  acid,  pifromeconic^  inl 
which  comenic  add  itself  is  transformed  when  subjected  to  anotli 
distillation.    In  order  to  obtain  piu-e  p^Tomcconic  acid,  it  must 
distilled  several  times  ;  and  the  formula  of  the  cryatalUted  acidi 
C,„II,O^UO,  while  that  of  pyromcconat*  of  lead  ia  I*bO,( 
The  following  ecpiation  shows  howtliia  acid  isdcrivcil  fromi 
acid:  C„H,0.,2HO=2CO«C„U,O„UO. 
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Oomenic  and  pyrocomemc  acids  turn  seequisalM  of  iron  of  a  rtd 
coloar. 

CUELUWNIC  ACID  O..H.O.„2HO. 

_^$^1464.  la  celaDdinc,  {chelidonium  majut,)  a  pUct  of  the  faioily 
I  papAvernceie.  there  IK  foriDfd  a  peculiar  Rcio,  called  «A«/i(i0Riif, 
ill  ui  tliere  combiued  with  lime ;  besides  mali«  and  fomsTic  acidB. 
The  juice  of  tlie  plant  is  expressed  and  boiled  to  coagulaU)  tli«  tdbu- 
minous  substances,  when,  after  having  added  a  small  quancity  of 
nitric  acid,  ncct^te  of  lead  is  poured  in  until  a  precipitate  no  longer 
furmt).  Tb«  chelidonate  of  leail  in  alone  precipitated,  the  malic  and 
fumaric  acids  remaining  in  Eolutinn  on  account  of  the  excess  of 
nitric  acid.  The  clielidonate  of  lead,  which  ih  mixed  with  chelida- 
iiutc  of  lime,  is  decomposed  hy  itulf  hydric  acid,  and  the  acid  liquor 
is  saturated  with  lime ;  after  which  the  chelidonate  of  lime  la  crys- 
tallized seveTal  times.  The  salt  is  subsequently  decomposed  by 
carboDat«  of  ammuiuu,  and  the  chelidouate  of  ummoniu.  rettulting, 
by  cbloroliydric  acid;  when  the  chclidonic  acid  separates  in  long 
ciTBtnlline  uclculae  durmg  the  cooUne  of  the  liiiuid. 

The  formula  of  crjstnlliaed  choMonic  acid  is  CuH,0„-|-5H[0, 
and  h  loses  3  eciuivalculs  of  water  at  212°.  From  tnu  oompodtioo 
of  its  salts  it  should  bo  regarded  ns  n  bibnsie  acid 

.    QUINIC  ACID  C..U.,0..,JIO. 

§  1465.  This  acid  is  found  in  cinohonn  baric,  in  the  state  of  quj- 
nntc  of  lime.  The  bark  is  boiled  with  water  acidnlated  with  ctito- 
rohydric  acid,  which  is  then  saturated  with  lime,  in  excess;  when 
the  filtered  licjuid  contains  qainate  of  lime  which  may  bo  crrstal- 
liaed  by  proper  evaporation.  The  salt  is  purified  by  animal  olack 
and  several  successive  crystallizations ;  and  in  order  to  separate  the 
quioic  acid  from  it,  6}  parts  of  the  quinato  of  lime  are  heated  with 
1  of  sulphuric  arid  diluted  with  10  of  water,  when  the  lime  sepa- 
rates in  the  state  of  sulphate  of  lime ;  after  which  alcohol  is  added 
to  effect  its  complete  precipitation,  and  the  filtered  liquid  h  evapo- 
rated to  the  con»istunco  of  eyrup,  when  the  quinic  acid  erjslallizes  in 
Injgc  prisms.  The  formula  of  tne  crystailiacd  add  is  C,,H„0„,HO; 
anu  that  of  qninate  of  silver  is  AgO,C,  ITi,0„. 

Quinic  acid,  subjected  to  heat,  yields  very  complex  products: 
they  are  benzio,  bentoic  phenic,  and  salicylous  acids,  all  of  which 
shall  flahsoancntlT  bo  described ;  besides  a  peculiar  crystallixable 
substance  of  the  formula  C„H„0,.  very  soluble  in  water  and  alco- 
hol, und  which  bas  been  called  hydroi^uinone.  Subjected  to  the 
action  of  sulphuric  acid  and  peroxide  of  manganese,  quinic  acid 
yields  a  volatile  product,  ^uinon«,  of  which  the  formula  is  C^H.0.. 
In  order  to  obtain  a  small  quantity  of  this  product,  100  gm  of  qui- 
nic acid  arc  heated  gently  in  a  small  retort  with  400  gm.  of  per- 
ojudo  of  manganese  and  100  gm.  of  sulphuric  acid  previously  diluted 
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vitli  one-half  of  lU  weight  of  witter.     A  great  bubbline  costi 
in  the  retort,  and  a  mixture  of  funnic  acid  and  quinooe  is  uo 
ia  t!ie  receiver.   Tlie  latter  substance  oryatalliiw  in  beantifol ; 
jellow  Kpaugleit. 

Qiiinon  is  cosily  sublimed  bj  the  same  mctbod  as  ciunphor, 
it  baa  n  strong  and  irnia.liDe  odour,  resenibline  that  of  Ckinph 
It  dissolves  eligbtlj  in  cold,  but  mow  freely  in  boiling  water,  »1 
its  true  eolvents  arc  alcohol  and  etber.     Cblorine  acts  powerfu 
Qp^n  it,  and  gntdonlly  abstracts  all  its  hydrogen,  which  is  rcpli 
by  an  equivalent  qu&alitltj  of  chlorine  ;  and  two  crystallised  chic 
naleil  products  have  thua  be[>n  separated :  seeklorinated  ^utn 
C„U,CIjO,  i.n^  pcrehkrinated  quinone  0^01,0,. 

Qwinouf  alao  givM  riwe  to  a  great  number  of  interesting  prodo 
but  their  study  would  lead  us  too  far. 


§1466.  Vegetables  contain  several  other  organic  acids, 
generally  after  the  plunt  from  which  they  are  extracted,  but  ll: 
are  an  yet  only  imperfectly  known;  and  several  of  them  arc  prob 
bly  id^tical  with  those  already  described,  for  which  reason  we  i ' 
not  stop  to  mention  them. 


ORGANIC  ALKALIES. 

§  1467.  At  the  present  day  a  large  number  of  organic  substan^ 
are  tnown  which  combine  with  a«iafl  after  the  manner  of  mix 
bajtcR,  forming    (■ompoiinde  which  exhibit  all  the  churactc 
salts,  and  to  which  the  name  of  organie  alkalies,  or  alkal 
been  given.     Some  aj-e  found  already  formed  in  vegolablBB, 
others  are  produced  by  the  calcination  or  other  apprciprinte 
ment  of  organic  matter.     The  majoritT  of  native  olkaloids  mm  ■ 
tremely  poisonous,  and  rank  among  tlie  most  powerful  modicii 
which  charactor  lends  them  peculiar  importance. 

All  the  organic  alkalies  contain  nitrogen  and  hydroccn,  and  _, 
with  the  cjccoptlon  of  ammonia,  contain  carbon ;  while  the  miyoriij 
in  addition,  contain  oxygen ;  and  lastly,  sulphur  has  been  found 
some.  They  all  present  the  remarkablo  p?cnliarity  which  has 
described  (§513)  in  treating  nf  ammonia;  that  of  combining  direct 
and  without  decomposition,  wiih  the  hydracids,  by  fonning  cblorohi 
drates.  indnhydrates,  etc.  etc.,  and  of  fixing,  in  all  salts  which  th«_ 
form  with  the  o.Tacid«,  1  cquiv.  of  water,  neoeesary  to  the  constiti 
tion  of  the  salt,  and  which  cannot  be  driven  off  without  destroy 
its  nature.  The  alkaloids,  like  ammonia,  are  therefore  boacs  on 
when  they  have  combined  with  the  elements  of  1  equir.  of  water." 


QUnOK. 
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Wp  sliall  first  describe  the  alknloIdB  which  exist  ready  formed  in 
TCMtublcs,  and  then  somo  of  the  numcroiu  sTtificiAl  alkuloids  ob- 
tained in  modern  days,  confining  ourselves  chiefly  to  general  rcmarlca 
on  the  methftd  of  their  prepamtion  and  their  propertiea. 

The  native  alka-loids  may  he  divided  into  two  clashes:  alkaloids 
volatile  withoac  dceotn position,  and  non-vnlatilo  nlkntoids,  e-nch 
class  refjuiring  a  special  method  of  extraction.  In  order  to  extract 
tho!U3  of  the  firKt  clasH,  the  ti(|iiiit  containing  them  \s  distilled  with 
potaua  or  lime,  which  bosca  unite  with  tlte  acid  until  then  com- 
bined with  the  alkaloid,  while  the  latter  passes  over  in  distillation. 
The  majority  of  non-volatile  alkaloids  are  Tery  slightly  soluble  in 
water,  anrl  are  prepared  by  boiling  the  Tegetables  containing  them 
with  water  acidulated  with  cWorohylric  acid,  when  the  alkaloid  is 
dissolved  in  tho  stiLtc  of  cblorohydrate.  after  which  the  liquid  is 
thon  Baturatcd  with  an  alkali  or  with  time,  in  order  to  precipl- 
tAtc  the  alkaloid.  The  deposit  is  thi-n  treated  with  boiling  alco- 
liol  to  disBolvo  the  alkaloid,  which  crystallixes  on  cooling  or  by 
craporntion. 

KON-TOLATILE  NATfVE  ALKAWIDS. 
AXKAL0ID3  OF  THE  CIHCU0NA8. 

$1468.  The  bark  of  the  cinchonn!)  contains  two  principal  alka- 
loids, to  which  they  owe  their  medicinal  ™tue :  these  are  quinia 
and  cinchonin.  Three  species  of  cinchona  ore  known  in  commeroCr 
the  yellow,  red,  and  gray;  and  while  quiuiii  predominates  in  yellow 
bark,  eiuetionin  is  principally  foand  in  the  gray  ;  and  red  bark  con* 
taimt  nearly  equal  proportions  of  quimn  anoi  cinchonin.  Two  other 
less  important  alkaloids  are  also  found  in  the  barkii,  chiiwtdin  and 
emckovatin.,  which  are  present  in  very  small  quantities. 

Quinm  C^n^NjO,. 

§1469.  Tollow  cinchona  is  preferred  for  the  mannfactiire  of 
qainin,  to  which  effect  the  bark  id  bruised  and  boiled  with  water 
containing  15  or  20  per  cent,  of  sulphuric  or  chlorohydric  acid, 
when  the  liquid  is  filtered  through  a  cloth,  and  milk  of  lime  added 
until  an  alkaline  reaction  is  produced  with  litmu.i.  The  deposit 
formed,  which  contains  the  qmnin,  ia  amieezed  in  a  press,  and  the 
caie  resulting  treated  with  boiling  ateohol,  three-fourths  of  which 
being  separated  by  diatilhition,  salphnric  arid  is  added  to  the  ro- 
matnder  until  a  slight  persistent  acid  reaction  is  obtained.  The 
liquid  is  diseoloured  by  animal  black,  and  cryetallizL'  when  the 
sulphate  of  quinin  crystallizes  first,  while  the  sulphuto  of  cinchonia 
remains  in  the  mother  litjuJd.     By  decomposing  the  sulphate  of 

Sninin  by  ammonia,  quinin  is  obtained  in  the  form  of  a  white  pow- 
er, which,  by  slow  eraporalioii  from  an  alcoholic  solution,  is  depo- 
sited in  small  prismatic  ciystalx. 
Vol.  II.— 3  B 
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then  addinfE  tho  balance  of  the  rnnmonin,  nearly  pure  morphin 
precipitated,  and  is  treated  with  nicflliol  marking  SO'*  of  Bai 
which  ifooa  not  semiibly  diseotve  tho  mnrphin,  while  it  romovcft : 
entirely  the  reainoos  matl«r  which  ndultcTBtos  it.     Tlio  rcnidue 
then  treated  with  boiling  alcohol  at  S5^  Bailing  which  tUssulvea 
morphin  and  dcpoeitx  the  greater  part  of  it  on  vuolinc.    Three-four 
of  the  alcohol  ar«  deposited  bj  dlstlllalJoii  and  lao  rcuduo  yield 
the  balance  of  the  inorphin. 

lu  order  to  tihuiin  the  "base  perfectly  pure,  it  18  test  to  redissoll 
it  in  wca.k  chlcrohydric  acid,  crystallize  the  cUorohydratc, 
again  decompose  thin  Halt  hy  Ammonia. 

Morphin  readily  forma  ctystals  of  the  formala  C^H^0„-|-2H( 
which  loBo  the  2  eqoiv.  of  water  by  an  elevation  of  temperate 
and  may  be  heated  to  570*'  without  injury.     Cold  water  diggolre 
about  jiff  of  morphin,  and  hot  water  nearly  double  of  thai  qaantiljS 
the  solution  nhowing  an  alkaline  reaction  with  litmus.     Weak  ak 
hoi  nt  20"  B.  diesolves  lut  very  little  morphin,  while  boiling  alcol 
at  3r»^  B.  dissolves  ^  of  its  weight,  the  greater  portion  of  the  mc 
phin  crystallizing  on  cooling.     It  is  scarcely  soluble  In  ether,  but  i 
concentrated  solution  of  caustic  poLassa  diHsolves  it  without  chaos 
by  which  process  the  base  may  bo  separated  from  narcotin,  tl 
laCU:r  being  insoluble  in  alkaline  lixiviee.     Morphin  diimolved 
acidulated  water  exerts  a  rotatory  power  toward  the  left,  like  in 
Bolts. 

Morphin  forms  cryatallizahle  salts  with  acidi*,  soluble  in  water  anj 
alcohol,  but  insoluble  in  ether.  CLIorohydrate  of  morphin,  whichil 
moet  impurcant  on  account  of  its  une  in  modidne-,  crystalUiet  i| 
silky  tufts,  and  diaaolvcs  in  1  part  of  Ikoiling  or  in  20  parts  of 
water.  Its  formula  is  C„!r„N'0„,HCl+6HO,  while  that  of  cryi 
lized  sulphate  of  morphin  \a 

(C^H„N0„H0),S0,+6H0. 

Karcotin  C^iyf 0„. 
§  1475.  Narcotin  is  extracted  from  the  rcsiduea  Icfl  after  the] 
extraction  of  morphin  from  opium  by  treating  them  with  ether^l 
which  di»»olves  a  mLxturc  of  narcotin  ujid  porphyroxio,  the  narcotiif] 
greatly  predominating.  Fresh  opium  may  also  bo  treated  direetljl 
with  ether,  when  the  ^alts  of  uiurphiu  remuiu  in  the  residue  anqj 
the  ether  cuntaius,  with  (he  narcotin  and  porphyroidn,  a  cer 
quantity  of  mcconin.  The  ether  being  distilled  in  a  water-bath  and 
tne  residue  treated  with  water,  which  diMolves  the  meconin,  tl 
narcotin  and  porphypo.\in  arc  finally  dissolved  in  dilute  chlorohydriai 
acid.  The  solutioii,  when  evaporated,  depoMls  chlorohydrate  ofj 
narcutin,  while  tho  chlorohydrate  of  porpnjroxin  remains  in  Iho] 
mother  hcjaid.  The  chiorohydrale  of  narcotin.  decomposed  by  am>J 
monia,  yields  isolated  uarcotio,  which  ia  puri6ed  by  erystalliiing  it] 
in  alcohoL 
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Nftrcotin  crystallizes  in  small  rhomboidul  prUms,  melting  ftt  886% 
decomposing  at  about  390*^,  insoinble  in  cold  water,  and  only  dis- 
solving in  500  parta  of  boiling  water.  Alcohol*  wb«n  liot,  dissolves 
aWat  ^  of  itR  weight,  and  ethor  ^.  Nnxcotin  is  a  much  more  feeble 
bwe  than  the  alkaloids  we  hare  hitherto  described,  since  its  solatiooB 
do  not  turn  to  blue  the  red'lened  tincture  of  litmuH,  although  it  forms 
crystallixfthle  salts  with  acide.  The  formula  of  narcotin  ie  C^H« 
NO,^,  while  tliat  of  thfl  chWohjdrate  i.i  C^H^NO„.HCi.  Narcotin, 
dissolved  in  alcohol  op  acidulatod  water,  exerts  a  rotatory  power  to 
the  right,  opposite  to  that  of  mnrphin ;  the  salts  of  narcotin  po9- 
MMmg  tbo  same  powor  as  the  alkaU. 

OocUln  C,.H„NO^ 

§  1476.  Codein  rpmainn  in  the  liquid  from  which  racirphin  has 
bMa  precipitated  by  ammonia,  and  is  extracted  hy  coDccntrating 
them  through  evaporation,  adding  caustic  potoxsa,  and  then  continu- 
ing the  evaporation  to  dryness.  The  rcsitluo  ia  treated  with  ethor, 
wSich  dissolves  the  codein,  and  yields,  hy  spontaneous  evaporation, 
Itrgo  crystals  of  this  substance,  whieh  are  romarbahle  for  the  sharp- 
I108B  of  their  coufigurution. 

Codein,  which  is  miich  more  sotublo  than  the  other  alkaloids 
of  opium,  since  it  dissolves  in  80  parts  of  cold  and  20  of  boiling 
water,  turns  the  reddened  tincture  of  litmus  hliie,  and  is.  also  highly 
Boluhlo  in  alcohol  and  ether.  The  formula  of  codoin,  crytitaUiEM 
in  water,  is  Cj,H,oNO,+2HO,  and  heat  readily  drive*  ofT  it«  2 
cqaiT.  of  water,  wtide  It  crystallizes  In  the  anhydronis  etato  from  its 
SOiadons  in  ether. 

Codein  has  been  used  for  some  time  in  medicine. 
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Slryehnin  C^n^NjO,  and  Brucin  CJl^fi,. 

1 1477.  The  majority  of  the  genus  of  ttrtfehna^  particularly  tho 
liean  of  St.  Ignatius,  {ttrifchnoa  Ignatia,)  nux  vomica,  {ttrychnot  nux 
vomiea,)  viper-wood,  (tlryehiwa  colabrina,)  and  the  npas  tieut^, 
{tir^cknoa  tieull,)  contain  two  alkaloids  in  various  proportions, 
Hrychnin  and  brrtcin,  romarkablo  for  the  very  poisonous  effect  they 
exert  on  tht'  aniurnl  ccouMmy. 

The  two  bases  are  gouerully  extracted  from  nux  vomica  by  boil, 
ing  the  powdered  nut  with  water  containing  its  weight  of  sulphuric 
acid,  exprosslngthe  liquid,  and  precipitating  the  two  ha8eB  by  by- 
dnt«d  lime.  The  deposit  is  treated  with  ooiliog  alcohol,  which 
dissolves  the  strychnin  an<l  brucin;  and,  on  cooling,  the  greater 
portion  of  the  strychnin  eryatal!ize,i.  The  liquid,  concentrated  by 
evaporation,  yields  le-ns  pure  strrchntn,  and  the  bmcin  cryxtalliieB 
last.  It  is  necessary  to  purify  these  substances  by  several  soccc®- 
uve  crystatlizations. 


<t8 


OKQANIO  ALKALIES. 


Str^chniD  ciTStaUizea  readily  in  octobtdKnu  with  rrctangoUr 
bMcs,  iusulublo  in  iratcr,  sligbtlj  soluble  in  aloolii^,  aod  prcfleottDK 
th«  foi-uiula  C,,Hg^,0,.  It  forms  easily  crystdliiaWo  iaits,  uta 
tho  formula  of  cnsialliiwd  chloroLvilruto  of  Btrychnin  is  Cj,HJfJ,0^ 
HCI+SHO,  while  that  of  the  crystallised  golphnte  k  (C«H„N,0^ 
H0),SO|>  Strycbnil^  dissolved  m  acidulated  water,  exerts  a  rota- 
tory power  towani  the  left,  like  its  salt*.* 

urucin  crystallizes  in  ri^ht  prisms  with  a  rhombic  base,  and  it* 
formula  ia  C„II^N,0,+8HO ;  the  S  equir.  of  water  being  given  off 
by  heat.  Water  (tiasolves  a  Nnall  quantity  of  it,  and  it  is  modi 
more  soluble  in  fttcnhol  thnn  strychniii.  Concentrated  nitrio  acid 
produces  an  intense  red  colour  with  brncin,  which  property  die- 
tinguishes  it  from  a.  majority  of  the  other  alltaloids.  Bmcin  dt»> 
solved  in  alcohol,  or  in  water  to  which  no  acid  has  bcca  added, 
deTiat«e  to  the  left  like  strychnin,  its  salts  presenting  the  same 
behaviour. 

ALKALOID  OF  COFFEE  AND  TEA. 

Caffeln  or  Theln  C.H^N.O^ 

1 1178.  Coffco  and  tea  contain  tho  same  alkaloid,  which  is  called 

,  M^cin  or  theln,  according  as  it  ha*  been  extracted  from  eJther  of 

tfli«te  substaaces,  bec&use  it  waa  at  first  supposed  that  they  were 

rnot  Identical-     In  order  to  extract  caffein  from  coffee,  tho  bniif«d 

.  ooffoc-gnLinB  arc  treated  with  water,  and  subacctute  of  lead  is  poured 

'inio  the  liquid,  after  which,  the  depoait  being  Beparated,  mlfhvdric 

acid  is  passed  throagh  in  order  to  precipitate  the  excess  of  lead. 

The  solution  being  then  evaporated,  the  caffetn  crystallines,  and  w 

purified  by  guccessivo  crystal!  iitations.     Theln  is  extracted  in  pro- 

ciaaly  the  same  manner. 

CaffoTn  crystallizes  in  rilky  aciculs,  taking  tJie  formula  C^HgN^O, 
+2H0,  while  it  loses  its  2  equivalents  of  water  at  21 2°,  melts  at  aboot 
856°,  Bad  sublimes  above  5 1 0°.  It  is  eolnble  in  water,  alcohol,  and 
ether;  and  its  basic  affinities  are  very  fechle,  for  although  it  dift> 
solves  in  acids,  it  generally  leaves  thera  when  the  Bolution  is  ©va- 
porat«d. 

VOLATTLK  NATIVE  ALKALOIDS. 

)1470.  Two  native  alkaloids  ore  now  known,  which  volatilize 
DQt  ohange :  nicotSttj  or  the  alkali  of  tobacoo,  and  coniciit^  the 
li  of  cicuta. 

Nieotin  C„H„N,. 
§1480.  Ccrtiiin  varietica  of  tobacco  contain  T  or  8  per  ocnt.  of 
nicotin,  which  in  extracted  by  digesting  t^e  tobacco-loaves  with 

*  The  »l<OMitu7  eompositloB  of  this  rao«t  riolmt  poiNB  ib,  siBgnlar  BBMfh, 
IdenticBl  <ritli  that  of  170  brnftd.  *  maet  vholi>«nne  nrticle  of  taod.     Tbt  nBtlrea 
',^f  Dcrupo  uxe  tlio  juicn  o(  llm  diffpront  kinds  nt  nlrfcbnu*  for  pclionlsg  Ibdr  BT- 
row-beatb,  Uio  wonad  of  vbioh  is  g«n«rall;  ratal.—  )K  L.  F. 


SrCOTIM. 
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vMHI^vaponitiDg  the  infiuioa  to  tbc  coosistcnco  of  an  extract^ 
nnd  then  trealiiig  with  ftlcoliol.  wliicli  h,  in  iu  lurn,  concen- 
trated, afttr  being  decanted.  Th«  now  cxtroct  is  created  with. 
potax«a,  :Lnd  Llieii  aliakcn  with  ether,  irliich  dissolves  tlic  mcocin  u 
well  as  some  foreign  Bubstanocs.  Finely  powdered  omlic  add  ifl 
added  to  tlie  etfaerial  aolution,  whiok  is  to  be  fret^ucntly  shaken, 
vchcn  oxalate  of  uicotin  w  formed,  and  proeipitAtod  in  dro|>9,  whie^ 
arc  iviuihed  several  times  with  water.  The  oxalate  u(  nicolin  being 
decomposed  by  potossa,  free  nicotin  is  separated  by  ether.  Tho 
otborial  Bolutioit  is  distilled  in  a  retort  over  a  watcr-batb,  whcu  tbo 
ereator  portion  of  the  other  dirtilB  rapidly,  while  the  last  particleg 
do  nut  pusa  over  at  212°  ;  and  there  exists  aUo  a  email  quantity  of 
ammonia  and  water,  which  separate  only  at  a  higher  temperature. 
TLe  xetort  must  be  kept,  for  a  whole  day,  at  a  temporat  ure  of  284*, 
and  a  feeble  current  of  hydrogen  mast  be  passed  through  it,  after 
which  the  receiver  is  changed,  and  tlie  temperature  raided  to  366", 
in  order  to  distil  the  nicotin  in  a  current  of  hydrogen. 

Kicotin  IS  an  uleaginous^  limpid,  and  colourless  lii)md,  smelling 
slightly  of  tobacco,  and  which  boils  at  473°,  but  begins  to  decom* 
pose  nt  this  temperature;  so  that  it  is  neceaaary  to  distil  it  ondcr 
feeble  preasare,  or  in  a  current  of  hydrogen  gas,  so  as  not  to  be 
obliged  to  raise  the  temperature  lo  a  degree  at  which  tho  clastio 
force  of  the  vapour  ia  C((Uttl  to  the  prcfl&ure  of  the  atmosphere. 
The  density  of  liquid  nicotin  la  1.048,  while  the  density  of  its  vapour 
has  been  found  to  be  5.607.  Nicotin  is  very  soluble  in  water,  wliivh 
tlien  reacts  powerfully  alkaline  ;  and  caustic  potassa  precipitates  it 
firom  its  solutions  in  ue  form  of  oleaginous  drops,  while  ether  takes 
it  from  water  and  dissolves  it  in  all  proportions,  alcohol  al»o  dis- 
aolring  a  largo  quantity  of  it.  It  is  ouo  of  the  most  powerful  poi- 
sons. Nicolin  flooa  changes  in  the  air,  by  absorbing  oxygen,  and 
is  converted  into  a  brown  Bubstonce  of  a  rcainow*  uppearance. 

The  salts  of  nicotin  are  in  general  very  soluble,  and  crystallize 
with  dii&culty.  The  formulie  of  the  sulphate  and  nitrate  of  oieotin 
are  (C„H„N„H0).SO,and  (CJI,,N„HO),N0^  according  to  whidi 
the  formula  of  free  nicolin  is  C^li,,N,,  corresponding  to  4  volumea 
of  vapour,  like  that  of  ammonia,  rticulin  ctcrts  an  extremely  ouor- 
getic  rotatory  power  toward  the  left,  while  its  chlorohydrate  turus 
theplano  of  polarization  with  the  same  power  toward  the  right. 

The  various  species  of  tobacco  contain  very  different  proportions 
of  nieotin,  tho  following  quantities  having  bcca  found  in  l6u  parts 
of  dry  tobacco : 


Farticn  TebMMk. 

Havana 2.0 

Maryland 2.8 

Virgiula 6.9 


tmuSi'Mttao. 

Alsace 8.2 

Pas4e-Calais 4.9 

Kord 6.6 

Lot 8.0 


Tlie  tobacco  which  contains  moet  nicotia  is  the  best  for  the  manu- 


Mv  OBOAKIC  AUtALTES. 

fccture  of  Bnaff,  since  the  property  pofiswecd  "bj  tobacco  of  stimu- 
lating the  miicoii!)  membrane  of  the  nose,  is  omng  to  the  pre* 
genoe  of  nicotin  and  animuniiieal  salts. 

$1481.  Ccnicin  in  extracted  from  the  stvdn  of  the  coniam,  but 
it  is  also  found  in  the  leases  and  stalk  of  tliis  plant,  prerious  lo 
its  flowering.  The  bruised  BccdH  ticing  lUetillcd  with  a  mlation  of 
potassa,  coDicin  piissee  ovei-  uith  wutcr  aiid  ammonia.  The  Ui]nid 
»  s&tnrBt«.-d  with  sulphuric  acid,  and  evapomted  to  the  conaJsteooc 
of  syrup ;  whcn^  by  treating  the  extract  with  a  inixturo  of  alcohol 
and  ether,  the  eulphato  of  cooicin  li  dissolved,  while  the  ammooia- 
cal  sulphate  ]»  left.  The  solution  of  th«  sulphato  of  couicin  is  then 
evaporated,  and  afterward  decomposed  bj  caustic  potMsa;  when 
the  conicin  nrisiiig  from  thitj  ik-i^ompomtioD  is  decant«d,  and  then 
left  for  some  time  on  chloride  of  calcium,  which  nlstractsita  irat«r, 
after  which  it  in  purified  by  diHtillation. 

Conidn  is  a  colourless  liquid,  having  a  shnrp  Bmctl,  which  imme- 
dintcly  produces  sickness,  and  its  deiisit;  ia  (i.S9.  white  il  boita  at 
888*.  It  is  one  of  the  most  powcrftd  poisons,  Conicin  is  slightlj 
soluble  in  water,  but  dittsolvcs  in  all  proportions  in  alcohol  and 
ether,  its  Roltitions  »howing  a  strong  alkaline  reaction.  It  rapidly 
absorbs  the  oxygen  of  the  air,  and  then  assumes  various  ahadca  of 
colour.  The  salts  of  conicin  aro  in  general  dt3U{|UP«cent  and  not 
crystulline;  and  the  compoaition  of  the  alkaloid  corresponds  to  the 
formula  CjjHyN. 

ARTIFICIAL  ALKALOIDS. 

§1482.  ChpmifitB  hare  long  since  succeeded  in  preparing  agroat 
number  of  alkaloids,  which  have  not  ret  been  found  in  vegctaolea. 
Almost  all  thes^c  alkaloids  arc  volatile  without  decomposition,  and 
contain  no  oxygen ;  and  wliile  some  resemble,  in  their  proportios, 
nicotin  and  conicin,  others  are  so  closely  analogooB  to  ammonia, 
that,  iu  a  purely  philosophical  classification  of  mwstauces,  it  would 
he  impoiwible  to  separate  them  from  tlat  baae. 

Quinnlein  C„H.N. 
g  1483.  Several  natire  oppimic  baseji,  particularly  qoinin,  cin- 
chnnin,  and  strychnin,  yield,  by  distillation  with  potaftsa,  a  volatile 
alkaloid  called  quinolun.  It  is  obtaiuod  iu  greatost  quantity  f^om 
cinchonin,  hy  heating  in  a  tubulated  retort  oumc  fraginent«  of  caostic 
potaasa  with  a  small  f]uuntity  of  walor,  so  as  to  form  a  pasty  solu- 
tion, and  ^adually  adding  powdered  cinchouin.  It  ia  hcntcd  with 
an  aleohol-lamp  until  the  substance  appears  to  be  dried, 
hydrogen  is  disengaged,  wliilc  water  passes  vrer,  as  also  an 
suhstancp,  which  is  rectified  a  second  time  over  potnssa.  Quinoleln 
is  a  colourless  oil,  of  a  disagreeable  odour,  distilling  at  aboat  446°, 
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inaoliiblo  in  cold,  and  scarcely  soluble  is  boilmz  water,  wliil«  alcohol 
and  etli«r  dissolve  it  freely.  It  foruu  cr^talluiiblc  salla  with  chlo- 
rohydric,  nulpburic,  nnd  nitric  ncids,  and  it  contains  no  oxygen,  its 
fonnula  being  C„U,N.  Quiiiolem  is  ubo  found  among  the  products 
of  difitilktion  of  coaJ-tar,  and  was  formerly  called  ttucoU. 

ALKAL.0ID8  DEIttVEl)  PROM  VARIOUS  CARDURETTED  ItTDAOOENa 

Aiiilin  C„H^. 

5 1484.  The  majority  of  the  carburctted  hydrogons  yield,  when 
they  are  boiled  with  taonohydrutcd  nitric  add,  or  a  mixture  of  this 
acid  nnd  conccatralod  sulphuric  acid,  uitrogonoua  subataacea,  which 
result  from  the  substitution  of  1  cquivulcot  or  2  cquivalfnta  of  tbo 
eompound  NO^  in  tlio  place  of  1  or  2  pouivaloutB  of  hvdrog«n. 
Tbua,  wc  shall  800IX  see  that  bcnJiia  C„H„  treated  witli  mono- 
hydrated  nitric  acid,  produces  tvo  substances,  nitrohenxin  C„H, 
(NO^)  and  binitrobtnsin  C„H,(KOJy  Theae  mtroecoous  com- 
pounds yield  alkaloida  when  they  are  subjected  to  tnc  action  of 
reducing  substances,  as  e.  g.  the  sulfhTdratc  of  nmrnonin,  or  to 
the  nclioQ  of  nascent  hydrogen  obtained  by  causing  dilute  sulphuric 
■cid  to  net  on  zinc  in  contact  with  the  nitrogenous  substance. 
Thus,  by  the  action  of  the  bisulfhvdrate  of  ammonia  on  nitrobeozin, 
lyre  obtain  an  alkaloid,  anilin  0,j(l^N,  from  the  following  reaction: 

C„H^OJ+C{NH^2HS)=C„H^+GS+4HO+C(NH^HS). 
By  the  action  of  nascciit  hydrogen,  we  have 

C„H/NOJ+eK=C^H^+4H0. 

When  binitrobcnzin  is  subjected  to  the  same  treatment,  there 
reeulta  a  second  alkaloid,  nitranilin  C„H,(NOJN,  according  to  the 
following  reactions: 

C„lI,(NOJ.+6(NH^2H8)=C^n,(NOJN+6S+4IIO 
+6(NH.,nS},«C„H,(NOJ.+  t>lI=C„H,(NO,)N+4UO. 

Vie  shall  dt-scribe  oiilv  anilin  uud  nitranilin;  the  properties  of 
the  numerous  alkaloids  ol^taincd  by  applying  the  same  processes  to 
other  carburetted  hydrogeus,  or  iubatajices  derived  from  them,  being 
Tcry  similar. 

Auiliu  is  a  colourless  liquid,  of  an  agreeable  vinous  smelt,  boiling 
M  3o9.ti°,  and  diasohing  slightly  in  water,  but  in  all  proportions 
in  alcohol  nud  ctli«r.  Auiliu  puMc^ises  no  rotatory  power.  Chlo- 
rine  and  bromine  convert  it  into  chlorinated  or  brominated  gub- 
itances,  modified  merely  by  sub&titutiou,  and  which  uftcn  retain  the 
basic  properties  and  capacity  of  saturation  of  the  original  anilin. 
Monochlorinnted  anilin  C,,n,ClK,  the  monobrominatoa  C„H,BrN, 
and  nitranilin  C,jHg(NO^)N,  are  bases  which  form  salts  as  well 
duiiiied  us  anilin  itself;  while  the  turchlorinated  C,,U,C1,N  and 
jerbrominated  auilins  Cj^Ii^BrjN  possess  no  basic  properties. 
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iodine  miiT  also  be  substituted  for  hydrogen  in  anilin,  _ 

mcniodrnatea  anilin  C„H,IN  has  been  obtaint'il  wbicfc  cnmbntni 
"with  acids.     CTttnoccD  givM  riflo  to  no  pbcnouctta  of  Bubatitution. , 
tui  combines  airecUj  witb  anilin  with  the  evolution  of  heat,  ana 
prodaccs  a  new  crrstallizaWe  base,  ^andin  0,4^(05 =C„H^^ 
vhicb  forms,  with  the  majoritjr  of  neids,  well-defined  and  cryelalli-  i 
KBble  salts. 

ALKALOIDS  DERIVED  FROM  CYANIC  AXD  CTANDRIC  ETHEBB, 
PIIESENTISG  A  CLOSE  ANALOGY  WITH  AMMONIA- 

S 148S.  We  Hhall  eubseqaently  deeoribe,  together  with  some  other  ' 
>  Ipcodacta  of  cjaac^eOf  tno  isomeric  oomponnds  of  this  sabstaiiM 
Trith  oxygen,  ej/aiiu  acid  CyO^C^O,  and  eyanv,rie  acid  Cy.O," 
CgNjO,,  which  are  readily  converted  into  e«ch  other,  aa  will  be 
shown  in  ix»  place.  These  acids  combine  witb  bases,  forming  oyv 
uatea  ajid  cyaiiurikt«8. 

Stk^tammonta  C^H,(NHJ. 

§  1186.  By  distilliag  cyanato  of  potas&aKO,CyO  with  a  solution 
of  snlphorinato  uf  potassa  K0,(C.H,0,2S0,)  there  is  obtained  %■ 
mixtnro  of  cyanie  ttktr  C\Il,0,CyO  and  fvanuric  ether  3C^U,0, 
Cy,Oj,  which  arc  cjisily  aepiirutcil  by  difitUlation,  the  Ent  bomg, 
very  voUtilc,  while  tho  second  boils  only  at  a  ^ory  high  temperv 
turo.  Cyanic  ether  diseolvea  In  aiiimoaia  with  disengagement  of 
heat,  ancf  the  litjuid,  when  cvjiporaled,  deposits  Wautiful  prifimalio 
crystaln,  which  are  funiblo,  very  soluble  in  water  and  alcohol,  and 
of  the  formula  C,H^,0,:  they  result  therefrom  from  tho  simple 
eombination  of  1  ofjuiralcnt  of  cvttnic  ether  C,U,0,CyO=C,H,NO, 
with  1  c*|uivalenl  of  ammonia  MI,.  Cyanic  and  cyanurie  ethers, 
treated  with  canslic  potassa,  jicM  carbonato  of  potaeaa  and  an  aX- 
kabid  C^n^N : 

C,n,O,C,NO+2(KO,HO,=2(KO)CO0+C^H^. 

We  shall  call  this  alkaloid  eth^hmmtmia,  and  its  formula  C^H^ 
may  be  -written  €,I1,N11,,  conudcring  it  as  resulting  from  the  com- 
bination of  1  equivalent  of  ammonia  with  1  equivalent  of  bicarbii* 
retted  hydrogen  C4H4,  while  it  may  also  bo  written  C«lIf(NiIJ, 
and  the  alkaloid  regarded  an  belonging  to  the  series  of  simple  1 
One  of  the  equivalents  of  hydrogcQ  and  earburctted  hyc 
G^IIg,  the  generator  of  the  scries,  buving  been  replaced  by  1 
valent  of  amido  (NU,). 

In  order  to  obtain  nthylammonia.  cyanic  or  cyanuric  et 
boiled  in  a  dijitilling  apparatus  with  au  excess  of  potassa, 
pours  being  collected  in  a  wcll-coolod  receiver  containing  a  small 
quantity  of  water,  which  takes  the  ethylammonia  in  solutic 
thus  becomes  strongly  alkaline,  with  an  intense  ammouiacal 
although  it  doett  contain  a  trace  of  free  ammonia.     This  lti]t 
saturated  with  cUorohydric  acid  and  evaporated,  when  crystais  afj 
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obtained  wlucb  diBSolvc  completely  in  nbsolate  alcofacl,  and  arc 
again  dopoailed,  by  evaporation,  in  crystalliao  kmellte.  Tliis 
oompourKl  is  cblorohjdrfttc  of  cthylunmonia  C^H.NiRCl,  nnd  is 
dt»tmgiiiahed  from  cmorobydrate  of  ammonia  by  its  solubility  in 
absolute  olcobol. 

The  chlorobydrato  of  ethylammonia,  perfectly  dried,  is  mixed 
with  double  it8  weight  of  (inicklime,  and  introaoced  into  a  long 
tube  dosed  nt  one  cud,  ao  as  to  &I1  ono-balf  of  it;  and  the  other 
half  being  filled  with  fracments  of  caustic  potagso,  a  disengiigprnent- 
tubc,  which  cDt«r8  a  flusK  surrounded  by  a  refrigerating  mixture,  is 
adapted  to  it.  Gentle  hont  beiiig  ftppiied,  the  ethylammonia  set 
free  distils,  and  is  condensed  in  th«  receiver.  It  is  important  to 
remark  that  this  procees  exactly  resembles  that  ased  for  obtaining 
ammonia. 

Bthjlammonia  ia  a  colourless,  yery  volatile  liquid,  boiling  at 
64.4*,  exhaling  a  very  penetrating  iimmoniacal  odour,  turning  blue 
the  reddened  tincture  of  litmus,  nnd  c:ihibiting  n.  causticity  rrscm- 
bling  that  of  potasaa.  When  a  glass  rod  moistened  with  cblorohy- 
dric  acid  is  brought  near  it,  extremely  thick  nhitc  fumes  are  pro- 
duced ;  and  each  drop  of  acid  poured  into  it  produces  a  hissing  at 
the  moment  of  its  mixing  with  the  base.  Ethylammonia  ignites 
irhen  brought  near  to  a  Bubstanco  in  oombustion,  and  burns  vith  a 
lluish  flame.  It  mixes  with  water  in  all  proportions,  becoming 
Tory  hot,  and  giving  rise  to  n  solution  of  which  the  basic  propertiw 
lAdjBolutely  reeemble  those  of  ammonia.  A  solution  of  cthylam- 
'  'noma  precipitAtes,  in  fact^  the  salts  of  magnesia,  alumina,  manga- 
tiefic,  iron,  bismuth,  chrome,  uranium,  tin,  lead,  and  mercury.  Salts 
of  sine  throw  down  a  white  precipitate,  which  redissnlves  in  a  large 
exeees  of  the  reagent.  Salts  of  copper  produce  a  bluish  white  pre- 
dpitale,  readily  soluble  in  an  excess  of  the  reagent,  furnishing  a 
deep-blue  U^niu,  analogoua  to  that  produced  by  an  excess  of  am- 
monia, {§  1046.) 

Ethylammoaia  combines  with  all  the  adds,  forming  crystallixable 
Balta  precisely  rcaembling  those  of  ammonia,  and  it  also  fiimiahes 
oompoundit  analogous  to  the  amiiles,  (§  .')14,)  In  fact,  by  mixing  a 
Bolotion  of  ethyiammonia  with  oxalic  ether,  the  mixture  becomes 
doudj,  and  alcuhol  in  formerl,  while  acicular  crystals  of  a  compound 
C,llgN0,=C,H,N,CjOa  corresponding  to  oxamide  IIU„C,0,  sepa- 
late. 

Methylammonia  C,H,N  or  C^,(NH,). 

J 1487.  By  boiling  mcthylocyamc  or  mcthylocyanuric  ether  with 
a  solution  of  potassn,  and  collecting  the  product  in  a  well-cooled 
receiver  contauiing  water,  u  strongly  alkaline  nolation  is  obtained, 
vhich  cxhftloe  a  very  ptnotraling  ummouiacol  odour.  It  is  satu- 
mtcd  with  chlorohydric  acid,  evaporated  to  dryness,  and  agsin 
,cd  with  boiling  alcohol,  which  dopoail*,  on  cooling,  pearl-Uk« 
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vrvetalllLe  UmellsQ  of  chtonhydrate  o/ methiflammimia  C^^,11CL 
This  iialt  bested  v'uh  quicklime,  M  in  the  prcpftraLioa  of  ummooia 
and  cthylaanmoniiv,  yields  methyiammonia,  Tvhich  may  hv  obtained  , 
in  the  form  of  a  colourless  liquid  l>y  cooling  the  rc-colwr  -witli  » 
proper  r«rrigcrating  mixture.  Mcdi^'lummotiici  is  g««cou0  at  the 
ordmnnr  temptTstura,  and  may  tie  collected  iu  1xdl-glii«i8c«  orer 
norcur;,  nben  it  rosombiM  ammooiiical  pa  eo  closely  as  to  rtqairs 
peculiar  atteutioa  to  distiiigulsli  it  from  it. 

MetbylauunoniA  li(|Ucfi«9  at  about  32°,  and  it«  odoar  is  tttxm^r 
■mmoniaciil,  wliilc  its  dcQsity  is  1.08,  its  cbcmical  equivalent  0,ffl(| 
CWrMpondiog,  lilcc  that  of  iLininonin,  to  4  volumes  of  ga&  Mothjl- 
■ianioiuaoa.1  gas  is  the  most  soluble  of  all  gases  Itnown,  since,  at 
68.6°,!  volume  of  water  dissolves  1040  volumes  of  it,  while  alTT 
irater  only  takes  up  006.  Like  ammoniacal  gas,  it  ia  inetantane* 
oubIj  abecirb«d  by  charcoal,  but  it  is  distinguished  from  the  latter 
gas  Dj  iguiting  by  contact  with  a  lighted  candle  and  bunmig  villi 
n  yelloHLsh  flume.  It  produces,  with  metallic  solutions,  reactioM 
precisely  umUar  to  those  ct  ammonia  or  ethylammonia. 

Amyhmmonia  C„II,^  or  C„ir„(NH^. 

§1488.  The  oil  of  potato-spirit  C„II„0,  exhibits,  an  shall  soco 
be  shown,  a  perfect  analogy  with  nnic  and  methylic  alcohoU,  in  the 
products  which  it  fortaa  with  chemical  agents,  for  which  reason  it 
has  been  called  amylia  aleokol.  If  amyloeyanie  or  amytocyanune 
IrMber  bo  distilled  with  a  nolutian  of  potftasa,  carbonate  of  pot4S(s 
II obtained,  beeidesuucw  bu-se,  avijjiammonia  C,,H„N,  which  formula 
may  be  written  C,olI,ftNll,,  Itecausc  carburetted  hydrogen  C„JI^  is, 
in  the  amylic  Beries,  the  analogue  of  hicarburctlcd  hydrogen  in  ilie 
Tinic  series.  It  may  he  also  written  C„U„(N1I,),  if  it  be  consi- 
dered as  resulting  from  the  rephtcing  of  1  e([uivale»t  of  hydroACB, 
in  the  amylic  molecule  C„llu,  by  i  equivalent  of  amide  {^^aX 
Amyl  b  found  in  Holutiun  in  the  water  wliich  baa  p&sned  over  in  dis- 
tillation ;  by  saturating  which  with  chlorobydric  acid,  white  crys- 
talline Inniolla:,  solublo  in  water  and  alfobol,  of  chhrohydrate  ^f 
amt/iammotiia  C,oH„N,HCI,  are  obtained  after  evaporation.  Thtt 
suit,  distilled  with  quicklime^  yielda  amylammonia  in  the  form  of  a 
colourless  liquid,  of  a  strong  ammoniacal  odour,  and  very  aotuble  in 
water. 

AmylammoiHa  precipitates  all  the  metallic  salts  which  arc  precipi- 
tated Dy  ammonia;  and  with  solutions  of  copper,  it  yields  a  precipi- 
tate which  dissolves  in  an  excess  of  the  reagent  and  colours  tlie 
lifjnid  blue:  noTorthelcss,  to  effect  perfect  eolution,  a  larger  propor- 
tion of  amylainmouia  must  be  used  than  of  ethylammonia  or  mvtJiyU 
ammonia.  Chloride  of  silver  also  dissolves  ia  it,  but  Iws  resdily 
than  in  ammonia. 

AmyhLmmoola  forms  with  acids  a  great  number  of  crystallisable 
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Bvtyryiammonia  C,H„N  or  C,ir»(NHJ. 

§  1489.  Batyrylaminonia  has  not  yet  been  prepared  by  the  gene- 
ral process  which  has  furnished  the  foregoing  volatile  alkaloids ; 
while  ntnntigthc  products  of  distillation  of  animal  tnibstancei),  several 
volatile  allialoida  have  been  found,  among  nliich  one  called  petinin 
C,II,,N  is  distinaiiished,  presenting  exactly  the  compoHitian  of  buty- 
rylammonia.  The  composition  of  thin  Hibetance  presents,  in  fact, 
with  that  of  butyric  aoid  C,II,0j,110,  the  relation  which  exists  be- 
tween ethylammonia  C,I1^  and  acetic  acid  C,n,0„UO.  It  is  a 
colourleM  liquid,  of  a  penetrating  ammoniacal  odour,  and  forming 
well-dcfiacd  salts  with  acidi. 

i  — 

^H  §  1400.  TIic  rcgembUncfl  with  ammonia  of  the  last  rolatile  sDu- 
lokb  which  we  hare  described,  is  as  perfect  as  that  cb&«rv&d  botwe«& 
poAlM  and  soda:  and  their  conipuHition  pTe»entn  the  remarVable 
peculiarity,  that  they  may  be  considered  as  formed  by  th«  Tinioa  of 
1  equiralcut  of  ammoma  with  a  carburctted  hydrogen.  The  other 
volatile  nikalic?,  either  native  or  artificial,  which  wo  have  described, 
exhibit  a  »imilar  f^roupiiig  in  their  composition,  and  sbonid  probably 
bo  included  in  n.  single  claas,  which  will,  eeriainly,  be  eubscqaontly 
grcutly  extended.     Thuis  wc  have, 

Ammonia* N^ 

MctbylanuDonia NH^C,II^ 

Ethyliimmouia. N1I„C4U«, 

Butyrylfiminonia NUj,C,H,, 

Amylammonia NH,,C,oHi^ 

Nicotin NITj,C,^^ 

Anilin NU„C„ir„ 

Conicin NTV'!.".* 

OainoloTn NH^CJI.. 


OF  SOME  NEUTRAL  SUBSTANCES  FODXD  IN  VEGETABLES. 

§1491.  In  the  following  chapter  we  shall  describe  certain  sub- 
stances found  in  vef;etables,  exhibiting  no  woU-raarked  charaoterB 
of  acidity  or  alkalinity,  and  which  hnvo  Itithcrto  not  been  attached 


*  Tbc  fl»C  Aj«  eo'inpouDds  In  the  above  taUe  maj  bo  coruUffrvd  «s  tntnoiiia 
iiiJr^d  wlUi  mp^ciliul^  0.  It  3,  4,  uti  6  cquimlaita  of  tk«  CArbaraltc)  li/<lrogiiD 
C,R(,  or  ulvfinul  giti;  which,  tonnrijing  to  the  th«(^ry  of  [inirhig,  trxplkinvil  in  the 
not*  to  {1401,  would  fullj  cxplkln  the  iunincini>c«1  pra[i«rti«s  of  thn  nitirM  earn- 
pooDil*.  Thujr  mBj  alia  be  mgarded,  wliti  equal  propriety,  as  •mmaniu  In  which 
1  equivalent  of  hj^drogon  ii  replaced  hy  I  ci^uir>,lcnt  of  the  mdittattf  metiijrl,  cUiyl, 
bu^Ttl.  and  amjl,  rMpoctiK'ly :  ntikli  tip*  \i«»  sninod  tnucli  proliktiUiij  bjr  the 
I  XMCDt  intMUjcatiou  of  FraiililaDd  nod  Knlbc— H'.  L.  F. 

Toi.  U.— 3  C  10 
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U)  ui/  of  the  great  Bcries  of  orcAnic  conipo<und&.     Tbcec  BulwUDces 
belax  very  nnmerouA,  to  Bh&ll  onlj  meotiou  the  most  impor 
and  uioee  wliicli  are  best  known. 

Piptrin  C^HaNOj. 
§  1492.  Piperin  exiata  in  pepper,  and  is  generally  cxtrnctod  f 
vhite  pepper,  by  treating  it  witli  bJcqIioI.     The  alcobolic  Bolntkin  i 
evapomtcu,  tbc  rcutlue  trentcd  with  lui  alkaline  lye,  whlclt  dUnlv 
Tarinuit  mibstanceii,  and  leaves  the  piperiu  iKolatea.     It  is  to  lie  pur 
fiftd  by  sereral  cryatalUxations  in  alcohol,    ripcrio  forms  coloorlc 
priBmii,  which  melt  at  about  212*,  and  is  alighlly  soluble  in  water,  ho 
very  eoluble  in  alcohol.    Acids  dissolve  it  readily,  irithout  forming  i 
fixed  compound  with  it,  and,  if  they  are  volatile,  they  part  with  f 
wholly  by  evaporation,  which  operation  is  even  effected  at  the  ordinar 
temperature  in  vacuo.    Tlic  composition  of  piperin  correBpouds  to  tl 
formula  C^H^NOj,  ehowing  it  to  be  isomorio  with  tnorphio. 

Picrotoxin  C„ll,0^ 
S1498.  Picrotoxin  is  the  poisonous  pnaciple  of  the  eoculut  Zno 
MM,  and  is  obtained  by  exhausting  these  berries  bj  alcohol, 
evaporating  the  liquor,  when  a  mixture  of  picrotoxin  with  fnttl 
matter  remains  as  a  residue.     Tlie  residue  is  pressed  between  folfl 
of  tissue-paper,  and  then  redissolred  in  alcohol,  af^er  which 
liquor  is  blenched  bv  animal  black,  nnd  picrotoxin  obtained, 
evaporation,  iu  amaU  aoioular  crvHtuls.     Picrotoxin  dtasolvcA  in 
ports  of  boiling  water,  the  creator  portion  of  it  being  a«iii  dcf 
Mted  on  «oolin^,  while  it  diaaolv«s  readily  in  alcohol.     Picroloi 
does  not  combine  with  acids,  and  it  contains  no  nitrogen,  its  ood 
poDtion  corresponding  to  the  formula  C„UfO^ 

Camharidin  C,oUaO,. 

§  1494.  Cantharidin,  the  active  principle  of  canthorides,  _ 
eitremoly  powerful  vcsicnting  properties,  and  if  any  portion  of  l 
body  be  exposed  to  its  vuuoura,  swelling  accompanied    by  aeal 
pain  immGdiately  ensues.     It  is  obtained  by  treating  powderod 
tharides  with  alcohol,  and  cvaporatiiij^  the  aloohol,  when  an  aqt 
liuuid  remains,  on  which  floats  an  oily  coat,  solidifying  on 
This  eoat  being  diseolved  lu  alcohol  and  discoloured    by 
black,  crystals  of  cantharidin  are  obtained  by  evaporation.     Ca 
tharidin  contains  no  nitrogen,  and  its  composition  corrcspondt 
the  formula  C,„lJoO, ;  but  its  equivalent  has  not  yet  been  dete 
mined,  as  no  definite  compound  of  it  19  known.    Canth&ndin 
insoluble  in  water,  but  dissolves  readily  in  alcohol  and  ether. 

Atpartufin  C,II,N,0„nO. 

§  1495.  The  name  of  asparagin  has  been  given  to  a  crystal 
Bubatunce,  first  found  In  the  Khoota  of  asparagus,  but  which  «W 
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exisW  in  liquorice-root,  in  marah-mallow  root,  comfrcy,  potatoca, 
Tetches,  ana  several  other  planta.  It  is  generally  prepared  by 
maceratinR  bruised  marsh-maUow  roots  with  very  clear  mils  of  lime, 
filtering  the  linuid,  precipitating  the  disisolred  Iimc  by  carbonate  of 
ammonia,  and  cviipurating  to  the  consistence  of  syrup;  when,  ia 
the  courfio  of  a  few  days,  granular  crystals  of  impure  asparagin 
separata,  wliith  are  purified  hy  recrystalliuition. 

IABparagin  docR  not  originally  exist  in  the  seeds  of  the  vetoh,  bnt 
IB  developed  during  germination  and  vegetation,  to  agiun  dii^appoar 
at  the  flowering  period.     In  order  to  extract  it,  the  plant  is  cut  at 
the  proper  season,  and  the  juice  expressed  and  boiled,  when  albumin- 
ous subetances  coagulate  and  are  separated.      The  liquid  being 
evaporated  to  the  cutisiBtence  of  syrup,  and  left  to  itself,  deposits 
©rystals  of  asparagin,  which  arc  purified  by  being  washed  with  cold 
irater  and  recryHtsilixcd  several  times. 
Aaparogin  forma  beautifuJ  colourless  prismatic  crystals,  requiring 
for  Kolution  about  f>0  parts  of  water,  at  the  ordinary  temperature, 
bat  diesolving  more  freely  in  boiling  water.     It  is  not  sensibly  soln- 
ble  In  abnoluto  alcohol  or  in  ether.     Its  aqueous  snlution  feebly 
reddens  litmus  ;  and  when  it  is  poured  into  a  hot  solution  of  acetate 
kof  copper,  a  beautifully  blue  precipitate  is  formed,  consisting  of  n. 
•ompound  with  oxide  of  copper,  of  the  formula  CuO,C,I^il,0,. 
fThe  formula  of  asparagin  dried  at  212'*  is  C,U,N,0„  which  should 
•"be  written  C.If-N  0„IiO ;  while  ths  formula  of  CTTStalliBed  aspBra- 
^£in  is  C,HXo..liO+2H0. 

^  A  solutinn  of  pure  asparngin,  left  tt>  itself,  remnins  unchanged 
for  an  indeSmte  length  of  time,  which  is  not  the  caac  if  it  contains 
some  of  the  principles  which  accompanv  it  in  the  vegetable,  when 
it  undergoes  a  kind  of  fermentation  which  converts  it  into  succinate 
of  ammonia.  If  we  obsen'e  that  1  equivalent  of  succinate  of  am- 
monia is  eqnni,  in  its  elementary  composition,  to  I  equivalent  of 
•sparagin  plus  2  equivalents  of  water  and  2  equivalents  of  hydrogen^ 

2CNH,+nO),C,H,0,=C.ir.N,0.-f2HO+2H, 

ire  may  admit  that  asparagin  assimilutcs  to  itself  2  equivalents  of 
mter  and  2  c^juivalents  of  hydrogen,  produced  by  the  pulrofacdon 
,ien9uing  in  the  liquid,  which  excites  a  reducing  action  in  nearly  alt 
alogous  cases. 

Under  the  influence  of  sulphuric  and  cblorobydric  acid,  and  Of 
nitric  free  from  nitrous  acid,  asparagin  is  decomposed  into  ammonia 
mndancwacid,  called  <i*/»rtrtttf  0^00^,2110,  which  is  very  slightly 
solnhle  in  water,  but  readily  so  in  tne  acids,  with  which  ii  afterward 
farts  with  difficulty  by  evaporation.  It  crystallize?  in  small  peaHy 
leaflets;  and  may  also  he  obtained  by  boiling  asparagin  with  a 
■oldtion  of  potasDa,  when  ammonia  'a  disengaged,  and  tbo  liquor 
contains  aspartate  of  potosea, 

C,n,N,0,-!-2HO=C,H^O,.2HO+NH,. 
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1£  alpanigin  be  treated  with  nitric  &citl  coDtainioK  nitrotu  ncid, 
*  consiaoraolc  qnnotity  of  bimalate  of  aEomonis  (Xif,,HO  +  i}0, 
&H4O,  is  formed,  nitrogca  beipg  diseDSsged  at  tbe  Hamo  timi 
Under  the  iiifluc&co  of  tno  nitt^c  itcid,  tbe  aspnntgin  is  coore 
into  aspartic  acid  and  ammonift,  irhilc  tbe  ammoma  Itaa  been 
snmed  by  tbo  nitrous  acid,  j'ielilin^  water  and  free  Dilrt>gen; 
tbe  upurttc  acid,  baring  combtacd  with  2  crjuivolcntii  of 
the  nascent  state,  has  been  changed  into  bimalate  of  1 
accwding  to  the  cquiLtinn, 

C.H,NO„'2HO+2HO=(NH„HO+HO),C,H^O.. 

It  is  proper  to  observe  that  nspartic  acid  and  nitpamgia  may 
considered  as  malic  acid,  united  te  1  or  2  equivalent;)  of  annooQii 
Nil, :  that  is,  as  two  amides  of  malic  acid.     This  view  of  tbe  00 
stilution  of  tbeae  substances  is  corroborated  b;  the  f»ct  that  tKo  othoj 
amides,  such  as  oxamide,  biityramide,  etc.,  ^leM,  with  nitric  chained! 
with  nitreiu  aeid,  dccompositione  analogous  to  those  produced  by  a»- 
partic  acid  and  aaparagin,  and  are  conrerted  into  oxalic,  butj^ric  acidlf 
etc.,  with  disengi^emcnt  of  nitrogen. 

Phloridzin  C, 

§  149t).  Fhloridzin  exists  in  the  froiih  bark  of  the  apple,  pf*ft 
plum,  and  cherry  tree,  and  is  gent'rally  extracted  from  the  bark  of] 
tbe  roeta  of  the  apple,  by  digesting  it  in  weak  alcohol,  vrbeo 
phloridiiin  di»9olve.H  and  »i?parateii  by  evaporation  in  f^ilky  ucicnla^ 
which  are  purified  by  recryBtallizatlon  in  aloolol.  JJuiUng  water 
dlasolves  a  large  quantity  of  phlnridzin,  while  it  scarcely  retaiufl 
T^  part  of  it  after  cooling;  and  alcohol  ditisolres  it  readily,  the 
Holation  exerting  no  reaction  on  litmus.  The  KolutioD  of  "-*"'" 
ridiin  in  alcohol  exerts  a  rotatory  power  toward  the  left.  It 
water  when  heated,  and  is  9ub.te<]ucTi lly  decompoBcd  at  aboaC 
Dilute  mineral  acids  dissolve  phloridzin  when  cold,  while  if 
applied  the  liquid  becomes  clouded,  and  deposits  a  new  substoneei 
phlorctm  C,«U.O„  which  is  obtained  in  crystalline  lamellti!  by  solit- 
lution  in  alcohol. 

aitfiyrrhuin  0^n„0,„2HO. 

g  X4D7.  Tliis  name  has  been  given  to  a  sweet  snbstanco  found  iai 
the  aqueous  extract  of  liquorice-root,  {glyc^rrhita  glabra,)  from  wbieh 
it  15  extracted  by  adding  to  the  concentrated  liquid  almost  anj 
acid,  which  yields  a  flaky  precipitate  collecting  into  a  tarry  maBS.  1 
This  substance,  when  dried,  is  dissolved  in  absolute  alcoboj,  vhicli 
again  dcpOHlta  it,   by  evaporation,   in   the  form  of   an  aaiorphoua 
brownish-yellow  mass.     Glycvrrhir-in  is  bot  slightly  soluble  in  coU  , 
water,  ami  nearly  insoluble  when  the  water  contains  an  acid;  wtiiU 
it  diesolvca  freidy  in  absolute  aloohol,  but  is  ineolublc  io   Ctbcr. 
Analysis  hiwi  assigned  to  it  the  formula  C„H„0,„2IIO,  and  its  so- 
lution produces,  with  acE<tate  of  lead,  a  precipitate  of  the  fonnolk 
3PbO,C.lI«0,.. 
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NITRILS. 

$  1498.  By  cauaUg:  anhytlrouB  pboaplioric  ncid  to  act  on  the  •m- 
monuical  m\u  forinea  b^  toe  orgauiu  acids,  or  ou  the  corresponding 
atnidca,  a  avn  olna  of  eubstvacca,  calU-d  nitriU,  it  (ibtoiuvd,  the  com- 
poeitioD  of  which  may  be  repre»eutod  hy  cyaobyttratw  of  carburetted 
bjdrogCQ,  and  vliich  rcgcncrato,  b;  U)«  action  of  tbc  alkalies,  the 
acid  of  the  original  nmmoniaeal  snit,  by  fvmti'g  ou  the  wntrr  nud 
diMUgaging  ammonia.  VVc  ehall  give  some  examples  of  their  curi- 
ous reactions. 

1 14d9.  By  heating  crTftallizcd  ncotato  of  ammooia  with  anhydrous 
phosphoric  acid,  a  li(juid  is  obtained  soluble  In  waiter  in  all  proportions. 
In  order  to  purify  it,  it  18  first  digested  over  ohlorido  of  caleinm,  and 
then  distilled  succe^ively  over  chloride  of  calcium  and  calcined  mag- 
nesia. The  licMitil,  which  is  called  aeetoniCni,'  bolls  at  170.fi°,  and 
it6  formula  C,L£,N  corresponds  to  4  rol.  of  vapotur.  In  contact 
with  hydraled  potassn,  aininonia  and  acetic  acid  are  regenerated: 

C,H,N+4HO=C,H30„HO  +  NHj. 
FotAssiiim  decomposes  it  when  cold,  cyanide  of  potassium  being 
formed,  and  a  mixture  of  hydrogen  and  carburetted  bydrogeu  dis- 
engaged. 

AcctOTiitril  npi>car3  to  be  identical  with  nictliyloryonohydric  ether 
jC^N)  but  alknlie!)  du  not  ai-t  upon  it  us  upon  other  compound 
J  cincc  they  convert  it  into  acetic  acid  and  ammonia. 
Acetonitril  is  aUu  produced  when  afetamide  C^HjO^XH,  is  heated 
iri^  anhydrous  phosphoric  acid.  Acctamide,  which  is  obtained  by 
treating  acetic  ether  with  atninonia,  is  white,  and  crystaUizos  in 
prismatic  acicula:,  mcltius  at  172.4°,  and  boiling  at  about  428^. 

CMoracelate  of  ammonia  (NlIj,IIO),C,C'l,Oj  uud  chloracetamicle 
,  C^CLObNH,  fiimisb,  with  anhydrous  phosphoric  acid,  perehlori- 
nated  acetonitril  C\CljN,  which  bulla  at  I'/.S^,  aud  yiolda  chlora- 
cetie  acid,  nrhon  the  corresponding  compound  forms  acetic  wH. 

ButifronUra  C,II,N. 

1 1500.  The  butyrntc  of  ammonia  uud  butyrumide,  heated  with 
anhydrous  phosphoric  acid,  yield  hutyi-onitrit  OgH,N,  an  oily  liquid, 
boihng  at  a45.S°,  and  which  potuasium  twnverts  into  cyamide  of 
jKitasaium,  hydrogen,  and  a  uew  carburetted  hydrogen.  Itf  for* 
mnhi  CgUrN  correripondii  to  4  vol.  of  rapour. 

VahronitriU  C„n,N. 
§  1501.  Yalcramide,  heated  with  anhydroiw  phosphoric  acid,iaio- 
duce»  valcronitril  C,„lIgX,a  culourleHH  liijuid,  boiling  ut  257^,  which 
ift  decomposed  by  pi)U.ssiura,  when  cold,  into  cyanide,  hydrogen, 
and  a  new  carbnreited  hydrogen. 
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Cjanogott  18  »Iw«.y§  a  prodncl  of  the  decomposhion  by 
I  -die  presence  of  alkftuos,  of  tutrogtiooufl  organic  isul>sUacca. 
Its  study,  and  that  of  its  nnmoToiu  derivatives,  should  thorofore  SbiI 
a  place  among  substances  of  the  organic  kingdom ;  but  Its  conapouDtla 
plaj  too  considerable  a  part  in  chemical  proce»se8  and  are  loo  fre- 
quently used  in  the  oxaniiQatiun  of  the  eulti  of  various  utetali  to 
allow  us  to  poslpoue  their  cousidcration  until  the  end  of  the  coune. 
Theee  reaeons  nave  induced  us  to  describe,  in  the  first  part  of  our 
course,  cyanogen  and  its  compound  with  hydrogen,  cyanohydric 
Btid.  Wo  have  Been  that  cyanogen  bchaTes,  in  its  eompouDds,  ULo 
the  simple  mctaUoid  substances,  particularly  like  chlorme,  and  we 
have  described  in  detail  tho  principal  compounds  it  fomts  vith  llie 
metuls,  tho  simple  and  multiple  cyanides,  which  aroTery  important 
compounds,  bottt  on  accouiu  of  their  use  in  dyeing,  and  in  chemical 
analysis.  It  still  romuins  to  us  to  describe  the  compounds  of  cya- 
nogcD  with  several  mctuUoids,  chlorine,  iodine,  oxygen,  dulpbor,  and 
several  more  complicated  combinations,  which  present  some  points  of 
peculiar  interest  for  our  chemical  theories. 

COMPOUNDS  OF  CYASOGEN  WITH  CffLOKmE. 

§  1503.  As  yet  only  two  eompouads  of  cyanogen  Tith  oblonM 
arc  known,  the  elementary  couiposition  of  which  b  exactly  the  saai^l 
while  their  properties  are  wholly  different,  one  of  the  compounds  1 
being  gaseou:^  at  the  ordinary  temperature  of  our  climate,  and  ilie 
other  solid  and  boiling  only  at  about  3ii0°.     The  gaseous  chloride 
of  cyanogen  CyCl  or  C^Cl  is  obtained  by  causing  chlorine  to  act 
on  moist  cyanide  of  mercury,  which  reaction  is  expressed  by  the  fol*  i 
lowing  equation : 

HgCy+2Cl=HgCl+CyCl. 

It  is  also  prepared  by  passing  a  capreot.  of  chlorine  tfaroogh  i 
concentrated  solution  of  cyanoliydric  aoid,  when  tho  gaseoos  chlo-j 
ride  of  cyanogen  remaina  in  eolutien,  and  may  be  disengaged  by^^l 
gentljv  heatinc  tho  liquid,  the  gas  being  dried  by  passing  \t  over 
chloride  of  calcium.  It  is  a  colourless  gss,  of  a  strong  odonr,  oaus- 
iag  tears,  liquefying  at  about  10.4%  and  solidifying  at  —0.4*. 
Thus,  this  eubstauce  passes  throwgh  three  states  in  a  very  small 
chnngo  of  temperature.  Water  dissolvca  about  25  times  its  vol., 
and  alcohol  oud  other  50  times  its  vol.  of  it.  Liquid  chloride  of  cy- 
anogen Boon  pu«8os  into  the  solid  raodificalion,  called  $olid  chloride 
of  ejfanogen.  If,  in  fact,  it  be  enclosed  in  a  glass  tube  hermeti- 
cally Rcaled,  it  undergoes  at  first  no  change,  and  if  the  tube  be 
broken,  it  is  wholly  evolved  in  the  gaseous  state,  while,  in  a  few  days, 
long  priBmatic  crystals,  ultimatefy  occupying  tho  whole  mass,  will 
be  found  to  be  developed.     If  tho  tube  b«  then  broken,  no  gas  b 
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disenciged,  and  wo  fiad  only  cQ-stalB  melting  at  2S4°,  and  boiling 
at  374*.  Solid  chlorido  of  cyanogen  ia  directly  formed,  when  an- 
hvdrous  pruseio  Bcid  ia  puurvd  into  a  largo  bottle  tilled  with  dry 
chlorine  and  exposed  to  tlio  sun.  Tlie  density  uf  th»  vu.[iuur  of 
solid  chloride  or  cyanogen  is  thrco  liiiios  greater  tliim  that  of  the 
gaseous  diloride,  for  which  rcaeon  tb«  formula  CyCl  baa  Ikwii  bs- 
wcned  to  the  gaaeous  chloride,  and  the  formula  Cj.Cl,  to  iho  eolid. 
The  cqaivalents  of  these  substancea  are  iheroforo  reprcBcmed  by  4 
gOMons  volumea. 

The  two  chloridea  of  cyanogen  combine  directly  with  ammooiacal 
g&s,  and  form  Bolid  oompoQnds,'of  which  the  formulfe  ore, 

For  tbQ  g&seotu  chloride 2NE„CyCl. 

"      BolM  cblorido „.  SNU^Cy.CI,. 

The  firet  ie  Boluble  In  'water,  nnd  the  second  is  infiolulle. 
Two  compounds  of  cyanogen  with  bromine  and  iodine  aro  also 
known. 

COMPOUNDS  OF  CYANOGEN  WITH  OXTQEN. 

1 1504,  Four  isomeric  compounds  of  cyauogcn  and  oxygen  aro 
known,  cffania  aeid,  c^anuric  acid,  effamelide,  and  fvtmmie  aeid,  the 
Srst  two  of  which  appear  to  present  the  same  rolationa  of  constitu- 
tion as  the  gaseons  and  solid  chlorides  of  cyanogen. 

By  digesting  aolid  chloride  of  cyanogen  with  water,  cUoroliydrio 
ncid  and  a  solid  wbit«  subetance,  cyauuric  acid  Cjfi^  axo  formed : 

Cy,CI,+3nO=3HCl  +  Cy.O,- 

The  same  compound  is  found  under  many  other  circumsunoea,  and 
particularly  wlicn  certain  substances  of  animal  origin  are  decotn- 
powd.  A  solution  of  the  sul)!itance  in  hot  water  again  depoBit«  it,  on 
eooliDg,  in  cryfitalei,  which  are  hydrated  and  present  tne  fotmula  Cjfix* 
7H0,  while,  when  dried  at  212",  the  formula  becomes  Cy, 0,3110 ; 
that  deposited  from  a  nitric  or  chlorobydric  solution  also  present- 
ing the  latter  compfwilion.  The  U  ccini%'.  of  water  are  basic,  and  may 
be  replaced  partially  or  wholly  by  an  equivalent  quantity  of  base ; 
and,  in  fact,  three  scries  of  cyanides  are  known,  of  which  the  general 
formnlie  are 

(IlO-|-2U0),CyA.    (2R0+II0),Cy,0„    SRO,Cy.O,. 

'Oyanorio  is  therefore  a  tribaHic  acid. 

f^nnric  acid,  heated  in  a  small  glass  retort,  passed  orer  wholly 
in  duitillutioQ,  but  iei  then  deeply  changed,  for  tbo  diitilled  product 
foma  4  Tcry  volatile  liquid,  of  au  odour  resembling  concentrated 
acetic  acid,  and  which  reddens  lilmn^  and  beliavea  lilce  a  powerful 
Mid.  Ita  composition  is  the  same  as  that  of  cyanuric  u^d  dried 
at  212",  but  it  forms  only  one  series  of  salts,  and  »hould  be  con- 
Bidered  as  a  monobasic  acid.     The   formula  CyO.UU   has  been 
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assigned  to  this  noid,  called  cyanic,  and  to  its  »a]te  the  ceocnl 
fomiola  BO,C^O. 

Cyinic  Arid  is  spontanpously  converted  into  aa  isomerifi  substance, 
called  et/ameliJf,  vrhik-  tliu  trniiHronnution  docs  not  take  place  so 
long  as  the  cyanic  acid  is  kept  at  a  very  low  tcmpeniture;  but,  at 
Uie  ordinarj  temperature,  tlie  liquid  Booa  beoomca  oloudf>l,  while  at 
the  same  time  its  temperature  rises  fpontaneoasW,  and  it  is  cuq- 
vert«d  into  a  solid  mass,  rescmbline  porceUin.  This  is  cj-omclidr, 
a  whollir  neatral  HuhftCanoe,  insoluble  in  water,  alcohol,  and  ether, 
and  which  reproduces  the  original  oyanto  acid  by  distillation. 

Cj&nic  acid  may  also  be  transFarmed,  directly,  into  cyanuric  acid, 
by  adding  a  small  [[uantity  of  nitric  or  acetic  acid  to  a  concentrated 
(solution  of  cyanatc  uf  potafl.sa,  which  converts  the  salt  into  cyanunte. 

Cyanic  add  may  be  prepared,  directly,  in  several  ways : 

1.  By  pusing  cyanugon  gas  through  a  eolution  of  potA98»  or  caj- 
bonate  of  pota^a,  cyauate  of  potawia  and  cyanide  of  potassinm  are 
formed,  the  reaction  bclne  eimibr  to  that  of  chlorine  on  alkaline 
lisiviae,  when  it  convert*  tEcm  into  hv-pochlorites,  (§450): 

2KO  +  2Cy=KO,CyO+KCy. 

2.  By  heating  a  mixturo  of  prusfliato  of  potash  and  nitrate  of 
potasea  or  peroxide  of  maogancsc,  when  cyanic  acid  passes  oT«r 
in  distillation.  The  mixture  mny  ul»o  he  roasted  in  toe  uir,  tod 
tbtn  treated  with  boiling  alcohol,  which  dissolves  the  cy&nat«  of 
potano. 

3.  By  fusing  yellow  pru.s»iate  of  potash  at  a  rod-hent,  and  throw- 
ing litbkrge  into  the  melted  minis  as  long  as  the  former  la  redaced. 
Boilhig  aJoohol  then  dissolves  the  cyannte  of  potasea  formod. 

The  fourth  iiiomeno  modification  of  cyanic  acid,  fubmnic  aeidt 
is  formed  nnder  ouile  peculiar  conditions.  Mercury  or  silver  being 
treated  with  a  uuxturc  of  alcohol  and  nitric  acid,  a  very  powerfiu 
reaction  ensues,  and  various  products  of  the  oxidation  of  alcohol 
paes  into  the  receiver,  among  which  may  be  distinguished  aldehyde, 
aoetic  acid,  fonnic  arid,  and  niLroun,  acctJc,  and  formic  ethers.  A 
cryslaUina  salt,  which  is  the  fulminate  of  mercury  or  uilteTj  13  de- 
posited in  the  retort. 

The  coiniiuHitiun  of  fulminic  acid  is  tho  same  as  that  of  cyanio 
aod  cyannric  acid^,  but  it  in  n  bibasic  acid,  the  EbnnuU  of  which 
shonld  be  written  Cy jO„2HO,  since  it  forms,  in  fiict,  two  series  of 
salts,  of  which  the  general  formulto  arc  (R0-HI0),Cy,O,  and  2B0, 
Cy,0,.  The  formulaj  of  the  fuluitnnte^  of  mercury  and  silxer  are 
2HgO,Cy,0,aiid  2AgO,Cy,0,;  and  by  treating  tho  fulminate  of  sil- 
ver with  potajiHa,  only  one-half  of  the  silver  is  precipitated,  while 
a  double  falminate,  of  tho  formula  (AgO+KO),Cy,0^  is  obtaiDOd. 

Tho  dry  fulminates  detonate-  with  extreme  violence,  either  by 
pcrcuBsioa  or  when  heated.  Fnlminnto  of  mercury  is  mod  in  the 
manofsctnre  of  pcrcusiiion  caps  for  firearms. 
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They  lire  propureil  on  a  targo  scale,  b^  dinsolnng  1  part  of  mer- 
cury in  12  of  nilpic  acid  of  a  density  of  1.S6,  adding  to  the  solatlon 
11  ports  uf  alcohol  at  0.80,  and  then  ^entty  heating  the  mistiire  in 
u  distiUing  apparatus,  in  order  to  condenoe  the  dinengnged  voUtile 
prodncts,  which  may  be  used  in  another  operation.  The  Hqnid 
remaining  in  the  retort  deposits  the  fultninatc  oo  cooling. 

Metallic  Sulphocyanidts  and  Sulphoeyanoh^drie  Acid. 

$1505.  By  healins  to  a  dull-red  an  intimate  mixture  of  2  parta 
of  pniflsiate  of  potash  and  1  part  of  sulphur,  and  iLt-ii  treating  it 
witn  boiling  alcohol,  snlphoeyanide  of  potaa»ium  KS,CyS  is  depo- 
rted in  small  cryataUioe  acicultc ;  and  it  may  ht  re^prdcd  a«  a 
cyanate  of  potafisa,  in  which  the  oxygen  of  the  acid  and  the  bass 
ia  rtplaced  by  a  corrospoudinK  quantity  of  sulphur.  A  larger  quan- 
tity IS  obtained  by  heating  4t)  parts  of  prusaiati-  of  putanh,  IT  partfl 
of  carbonate  of  potossa,  and  16  of  sulphur,  and  treating  the  maes 
irith  boiling  a!cODol. 

If  sulphocyanidc  of  potassium  be  distilled  vith  phosphoric  add, 
$ulphoct/auonydric  aria  CyS,HS  ict  ubtaiucd,  a  large  proportion  of 
vhich  is,  however,  decomposed.  Acetate  of  lead  may  al»o  bo 
poured  into  the  eolution  of  the  nulphocyumde  of  potu^tuin,  whi-n 
ffulphocyanide  of  load  PbS,CyS  is  preeipitalL'd,  and  is  decomposed 
by  ^ulf  hydric  acid,  a  coloiirlcdS  acid  liquor,  reddening  litmua,  ocing 
formed. 

Free  salphocyanohydric  acid,  and  tho  alkaline  mjiphocyanidee, 
yield,  with  seequiHalta  of  iron,  precipitates  of  a  blood-red  colour, 
which  reaction  in  often  used  to  detect  those  salts. 

By  pouring  into  a  solution  of  au  alkaline  Bulpbocyanide,  6  or  ft 
tintefl  itfl  volume  of  cone«ntratcd  chlorobydri«  acid,  a  deposit  of 
Bra-oll  white  aciculiB  ia  formud,  which  are  to  be  washed  with  a  small 
quantity  of  cold  water.  It  is  a  new  acid,  called  ptTtuifhocyanok^ 
dric,  of  the  formula  CyS„II8.  This  acid  may  be  dissolved  in  hoitiuj; 
water,  and  is  deposited  from  it,  on  cooling,  in  small  crystalline  act- 
cultc  It  is  a  feeble  acid,  which  combines  directly,  without  altcni- 
tion,  under  certain  conditions,  whiiti  under  other  eondiuous  it  is 
decomposed,  I'ersulphocyanobydric  acid,  and  sutphocyftnohydrat4i 
i>f  ammonia,  yield,  when  heated,  a  great  number  of  new  sabstancca, 
as  yet  bat  imperfectly  known. 
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§  1506.  A  Urge  number  of  roUtile  sobstuicea,  posBMsing  gene- 
rally  a  powerfal  xnA  frequently  an  agreeable  odoor,  adapting  them- 
for  the  toUot,  aro  extracted  from  vegetables ;  mid  tbc  greater  pw- , 
tioD  of  tbem  ore  liquid,  while  some  arc  solid  at  the  ordinary  tempcr- 
'fttar«.     Those  substascca  aro  in  general  prepared  bj  oxproseinei 
the  juice  of  the  vegetables  which  contain  them,  and  diatilliug  it  with  J 
I  irater,  when  the  es:iicntial  oil  passes  over  with  the  vater,  and,  m  iti 
[Sb  gencrany  less  volutilu  thau  the  lutter,  the  proponiou  which  pu8ea| 
over,  compared  with  thL>  quantity  of  water,  \»  the  greater  aa  ths 
'  diB'crcnce  bvtvecn  the  boiling  puiiit  of  water  and  that  of  the  oil  It  i 
iImb.     Parts  of  the  vegetables  themselves,  the  flowers  for  exumple, 
lire  frcquentlj  distilled  with  water,  and  wheu  the  esaential  oil  a  \ 
lighter  than  water,  the  products  are  collected  in  n.  bottle  of  peculiar  i 
—       shape,  (fig.  t»84,)  called  afiorenee  receiver.    The  bottle  iii 
conical,  and  ha-i  a.  lateral  tube  coiiimuuicating  with  the  bot- 
tom, and  of  which  the  orifice  us  at  a  lower  level  than  iitii 
mouth  a  of  the  bottle.     The  wat«r  und  oil  distilled  pu>i 
into  the  bottle  throuj^h  the  mouth  <t,  the  oil  forming  tlifl' 
upper  Htratum  ;  and  when  the  bottle  is  filled  above  the 
level  of  the  orifice  c,  the  water  etieapos  through  the  Ut- 
ter, and  the  cfisentia!  oil  floats  on  its  surface,  in  a  layer 
of  a  thiclcnes3  in  proportion,  to  the  diameter  of  the  Deck 
Pig.  GSt.     qC  [[jg  ijotiip^  and  which  is  removed  from  time  to  time 
with  a  pipette.     An  ordinary  nl-jmbic  is  used  for  distillation,  but 
the  vegetables  subjected  to  (he  operation  must  not  be  allowed  to ' 
reach  a  temperature  above  212°,  in  order  to  avoid  the  generation  of 
empji-eumatic  products,  which,  distilling  at  the  same  time  as  the 
esaeDtdal  oil,  would  injure  its  flavour.     In  order  to  prevent  tbeu 
ftocideata,  the  vt-gulublca  lu-e  pluccd  in  bags,  or  uiciailic  vessels 
pierced  with  holes,  and  kept  above  the  liquid  iu  the  cucurbit,  in  tbo 
space  travcr&ed  by  the  vapour. 

As  the  water  which  has  di&tilled  over  with  the  essential  oil  sece- 
raJly  dissolves  a  email  quantity  of  it,  sufficient  to  impart  to  it  its 
odour,  it  is  carefully  collected  and  sold.  TIiu-h,  while  distilliDg 
ordnge-floTcrs  with  water,  a  certain  quantity  of  eistnci  of  orange- 
^wer  collects  at  the  lop  of  the  florencu  receiver,  while  a  water, 
possessing  a  very  agrcoablo  emcll,  and  which  is  sold  under  the  luUM 
of  uTange-fiowcr  w<Uer,  ia  found  under  it. 

The  quantity  of  essential  oil  which  exists  in  the  portions  of  T«g»> 
tnbles  subjected  to  distillation  is  frcquontir  so  small  that  no  sepft- 
rate  oil  can  be  obtained,  but  only  an  odoriferous  water.    The  BUU 
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tliinj;  occurs  irtien  tlic  boiling  point  of  the  csaoQtial  oil  is  Tcry  high ; 
and  in  the  Inttcr  ciue,  the  fresh  water  in  tho  cucurbit  is  replaced 
by  vrat«r  saturated  with  salt,  wliich  boila  at  230°,  &nd  the  vessel 
containing  the  flowers  i»  nuspendeil  in  this  water ;  when  the  teuuon 
of  the  vapour  of  the  oil  in  iicces9aril.Y  greater  iu  thia  hotter  space, 
and  a  larger  quantity  of  it  pai^es  over. 

Some  eesential  oila  votUd  be  very  easily  injured  by  heat,  and  at 
other  tiraca  the  flowers  in  which  they  exist  contain  afterahle  princi- 

Sles,  and  the  distilled  oil  w  far  from  posaosaiog  the  odour  of  tho 
oirer.  They  nrc  then  not  dlHtilicd,  and  we  are  Mtisfied  with  sepa* 
rating  t-lie  oil  by  diuaolvinj*  it  in  a  fixed  oil,  of  itself  inodoroi», 
jMppy-oit  for  example;  far  which  purpose  the  flovera  are  spread 
thinly  over  woollen  ulothn  >»)al:ed  iii  poppy-oil,  when  the  oloths  are 
piled  on  euch  other,  and  tho  wliulo  placed  under  a  press. 

Dwcnlial  oils  dilTcr  materially  front  esch  othir,  both  in  their  com- 
position and  ch«micn3  reactions;  and,  if  due  regard  bo  paid  to  the 
nature  of  the  compounds  from  which  th»y  are  derived,  we  ar«  led  to 
diride  them  itmong  thoige  scries  moat  differing  from  organic  bodies. 
A  great  number  of  oilfi  contain  ouly  carbon  and  hydrogen,  while 
others  also  oontnin  oxygen,  mid,  lastly,  gome  few  contain  sulphur. 
We  shall  therefore  divide  them  into  three  groups,  and  include  in  the 
first,  those  oils  which  ttre  composed  of  hvdrogen  and  carbon  alone ; 
in  the  second,  those  which  contain,  in  aaditiou,  oxygen;  and  iu  the 
third,  the  »alphuretted  essential  oils. 

lIYDROCATlBiniBTTED  ESSENTIAL  0II5. 

1 1>>07-  The  composition  of  the  ercater  number  of  these  oils  cor- 
rceponds  to  the  formula  C^U,,  and  we  therefore  heru  find  a  great 
number  of  isomeric  mib»tancca,  the  chemical  properties  of  which  are 
BO  similar  that  recouree  iuu£t  ho  httd  to  very  d^^'lieato  characters  to 
prove  their  non-identity.  The  uobtlity  of  tneir  molecular  constitu- 
tion is  »uch,  that  by  diBtilliuu,  or  forming  them  into  compounds 
from  which  they  arc  subsequently  separated,  their  aatoro  is  ctuingcd. 

£aecntiat  OH  cf  Terpentine  or  Teuiethent  C^Hj^ 
S1508.  This  is  the  most  important  of  the  essential  oils,  on  ae- 
count  of  its  applii^ution  in  the  arts,  being  used  in  the  preparation 
of  varnishes,  and,  in  general,  as  n  solvent  for  certain  substaaces, 
irhich  it  deposits,  by  Bpoutaueous  evaporation,  on  the  surface  of 
bodies  coated  with  the  solution. 

A  viscous  substance,  called  terpentine,  constating  essentially  of  a 
resin,  colophony,  or  common  resin  dissolved  in  oil  of  terpentine, 
exudes  from  the  trees  «f  the  family  of  the  coniferse,  chiefly  from  the 
pines.  By  distilline  terpentine  with  water,  the  greater  port  ion  of  the 
easential  oil  is  oarned  over  by  the  vapour  of  water,  in  which  state  it 
atill  contains  a  small  quantity  of  rcsiu,  portly  farmed  hy  the  oxida- 
tion of  the  oil  by  contact  with  the  air.  In  order  to  purify  it,  it  is 
again  distilled  with  water,  dried  hy  leaving  it  for  some  time  over 
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chloride  of  cnlcinm,  and  again  distilled  for  tKe  last  tim«  hy  itself^ 
ftToidiaft  aa  macb  as  possible  tho  contact  of  the  air. 

I'he  emential  oil  extracted  £rom  the  various  terjwiitinefl  of  coio- 
uercc  19  far  from  being  iilenticnl,  and  appears  to  raiy  according  to 
the  tree  which  has  producwl  it.  French  oil  of  terpentine,  produced 
by  the  pintijt  maritime  which  grows  in  the  south  of  Franc 

oolouriesfl,  very  volatile  liquid,   of  a  clianictoristic  Rmell  a 

acrid  and  burning  taste.     Its  donsiiy  at  32°  is  O.ST.'i,  while  t! 
dcn»itj  of  xUi  vapour  is  4.76  ;  and  if  it  ho  lulmittcd  that  its  eqoii 
lent  i»  represented  b;  4  volumes  of  vapour,  like  that  of  tho  carl 
retted  hydrogen  hitherto  described,  its  formula  ehould  be  writ 
C^llj,.     Oil  of  terpentine-,  which  we  shall  call,  for  brevity's 
UrtbfiUJien,*  boiU  at  about  8D0°,  tbe  boilinfj  point  being  i 
constant.     It  deviates  polarii;*'(l  light  to  the  left,  while  the  varic 
oils  differ  from  carh  other  in  the  inteiisiiy  of  their  rotatory  poiKf  3 
Bomo  even  producing  deviation  in  the  right,  as  the  oil  extra 
from  tbe  pinua  tada  of  Carolina,  which  is  cliiefly  aseil  in  Engl 
Moreover,  the  same  terehenthen  does  not  maintain  an   identic 
rotatory  power  when  it  19  Hubjectcd  to  saocessive   distillatioi 
ud.  ita  moleciilar  conatitution  appears  to  be  modified  by  iho  bud] 
process  a(  distillation  ;  these  modilication.^  being  much  more  de       _ 
when  tho  distillation  i^  effected  under  high  preSFore,  and,  const- 
(lucntiy,  at  a  more   cicviitcd   teinporalure.     An   oil   of  t«rp«ntiE 
having  been  kept  boiling,  for  eevcral  hours,  under  a  pressure  of - 
or  10  atmospheres,  more  than  one-half  of  it  was  converted  into 
isomeric  product  which  did  not  boil  under  464°. 

Tcrebenthcn  dissulvca  but  hlightly  in  water,  communicating 
it,  however,  ita  clmraeteriBlie  odour;  and  it  difsiolves  freely  in  ale 
hoi,  etlicr,  and  tht-  liiEcd  oiR     It  diitsolres  a  large  proportion  1 
sulphur,  phuephonu,  ami  several  organic  eompounda. 

§  l.'>Oy.  Tcrcbcnthen,  left  for  a  long  time  in  contact  with  wati 
deposits  colourless  crystals,  which  liave  been  improperly  called 
drate  of  terehenthen^  because  their  composition  corresponds  lu 
fonnula.  C„ll„t>HO.     A  much  larger  (juantity  of  Uilh  rom[>iiund 
obtained  by  Icnving  n  mixture  of  8  parts  of  oil  of  terpentine, 
ports  of  ordinary  nitric  add,  and  1  part  of  alcohol  at  0.80,  to  it««I 
for  several  monthsi,  during  which  time  it  u  frequently  shnlcea 
when  a  cryatalUue  magma  is  formed,  which  is  ciprcMetl  botwi 
tissue-pnper,  nud  rcdiseolved  in  boiling  wntor,  from  which  it  is  _ 
poaitea  in  email  pri&matio  crystals  on  couliug.     By  redissolring 
m  boiling  alcohol,  it  yields  large  crystsls,  whicb  melt  at  217.4* 
while,  at  a  more  elevated  temperature,  they  loeo  S  etiuivalents 
water,  and  form  a  new  htfdratg  C.^\\„,,-\^\0,  which  distils  at  ab 
482"  without  change.     'I'ho  deui^ity  of  its  vapour  being  6.26| 
equivalent  G„Hj„4H0  is  represented  by  2  volnmes. 
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S  1^10.  Torelieutlicn  combines  readily  vith  cblorohydric  tuad 
goA,  and  absorliB  largo  quunttticB  of  it,  with  clovatinn  of  tempera- 
tare,  tbtf  8Bturat«il  liquid  (IcpoBitiug  cryalaU,  on  <!4>oUiig,  varying 
in  proportivi)  according  to  the  nutuTO  of  tbo  oil,  and  which  are 
purifitwliyrecrjatalliMUon  in  boiling  alcaliol.  ThocryBtitU  melt  at 
W'Z°i  tlie  substMioo  boiling  at  about  338°,  with  purtial  ducomposi- 
tion;  and  iw  composition  corrt-sponda  to  ike  furmula  C^H„1IC1, 
showing  it  to  bo  a  ekloT6htfiirate  c1  Urebenthen,  whicli  ia  somo- 
tiin(^  called  artijlcial  camphor  :  it  dertntce  tlic  plane  of  polariza- 
tion to  the  toft.  The  liquid  wbicb  floats  on  tho  crystalsi,  in  the 
preparation  of  artUicial  camplior,  is  Itself  a  liquid  chhrohydrate  of 
tenbenthen,  of  the  same  composition  as  the  solid  chlorohydnite, 
but  which  does  not  solidify  at  &Qy  temperature. 

If  solid  chlorohydrnte  of  terebenihen  he  passed  over  caustic 
lime  licutcd  tu  rediK'^t^  a  llq^utd  carburett&d  hydrogen  eeparates 
from  it,  hafing  the  »arae  composition  and  boiling  point  as  tlie  ori- 
j^&l  terebenuieB,  but  differing  from  it  by  exertiog  no  action  o& 
polarized  light :  it  haa  been  called  camphiten.  It  also  combines  with 
ffaseoQs  clilorohydric  acid,  yielding,  at  the  same  time,  a  solid  and  a 
]j<jaid  chlorohydrate  ;  and  it  is  therefore  composed  of  at  least  two 
distinct  liquids,  like  lerebenthen  itself.  By  decomposing  the 
liquid  chlorohydrate  of  tcrebenthen  by  means  of  lime,  an  cfisen- 
tial  oil  \s  separated  having  no  action  on  nolarized  light,  and  yield- 
ing only  liqiud  chlorohydrate  with  cLIoruaydric  acid,  which  new  oil 
has  been  called  terebUen.  Itromohydrie  and  iodohydric  acids  pro* 
duce  compounds  similar  to  those  of  chlorahydrio  acid. 

§1511.  TRfehenthen  undergoes  very  cnrioua  isomeric  modifica- 
tiona  by  contact  with  sulphuric  acid.  By  mixing,  in  a  well-vooled 
flaAlc,  oil  of  terpentine  with  about  ^  of  its  weight  of  aulphuric  a^id, 
and  leaving  the  mixture  to  it$e1f  during  24  hours,  shaking  it  fre- 
quently, a  red  and  viscous  liquid  is  obtained  ;  and  after  allowing  it 
to  rest  for  some  time,  the  supernatant  oil  is  decanted,  when  a  binck 
residue,  saturated  with  acid,  remains  in  tho  flask.  If  tlie  decanted 
oilbc  diatillcd,  a  i-mall  quantity  of  sulphurous  acid  first  oasses  over, 
and  then  an  cNicntiiLl  oil,  having  the  name  composition,  uensity,  and 
Loiliiig  point  as  terebentbeii,  but  differing  from  it  in  exerting  no 
rotatory  power  on  polarized  light,  and  in  forming  with  cblorohy- 
dric acid  gaa  a  compound  of  the  formula  2C^U,pHCl,  which  con- 
sequently contains  one-half  Ic^a  chlorohydric  acid  than  the  cht^- 
Tohydrale  of  tcrebenthen.  This  essential  oil  bu  'been  called 
Urtben. 

The  essential  oil  modified  by  sulphuric  acid  is  not  solely  com- 
posed of  tcrebon,  u.nd  when  it  has  separated  by  distillation,  and  the 
tempcrutitrc  is  raised  to  500°,  a  new  product  is  obtained,  composed 
of  a  visootis  oil,  which  \a  blenched  by  being  difltilled  over  an  alloy 
orpotussiuro  and  antimony,  (S 1017).  This  uquid  is  highly  (/wArt^M; ; 
lignt  which  pa-iiies  through  it  oormally  being  colourless,  whUo  that 
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$  1514.  Theoe  oils  being  nunaDrnun,  ami  thpir  clietnical  propertiefl 
very  various,  we  ek&U  describe  only  the  moet  importact  and  b«et 
IcDOirD  of  them. 

CAMPHORS. 

§  1515.  The  name  of  camphor »,  or  ttearoptena,  has  been  civeo  to 
neutral  compounds,  solid  at  tlic  ordiiiurj  temperature,  Tolatuv,  hav- 
ing an  odour  rvsenittling  those  of  ordinary  cunpbor,  and  npplicafalo 
to  the  same  oflcs.  We  ahall  hero  treat  only  of  the  camphor  &oin 
Japan  and  that  from  Borneo. 

Japan  Camphor  Cg,H,,0^. 

§  ir>l(>.  Jnpnn  cauplior  ia  vxlrnctiHl  from  tlio  laurua  eamphora^ 
tJie  wood  of  wliich  tree  contaioB  it  eo  abuuilatitly  thut  email  rryatal^ 
of  it  arc  iH.'cn  in  the  figures.  The  truuk  and  branchca  arc  eplil  into 
small  pieces  and  distilled  with  water  in  iron  boilers,  covered  with  an 
sarthcn  capital  filled  with  straw  or  small  tvij;^,  on  vhich  the  cam- 
phor sublimes  and  crrstallizes  in  the  shape  of  crude  camphor.  It 
U  dtstUled  with  n  smnll  ((uantity  of  lime  and  charcoal  in  fiat-bottomed 
Teeaeta.  resembling  thoee  used  for  tlic  sublimation  of  chlorohydrate 
of  ammonia,  {§  516,)  when  the  camphor  Bublimes  at  tlie  upper  part, 
and  forms  crysulhne,  colourless,  and  trauitparcnt  masses,  such  as 
are  found  in  commerce.  At  Ike  ordinary  ti-mperatiire,  the  tennmi 
of  the  vapour  of  camphor  is  very  feebk',  and,  iievcrthcleiw,  it  ej- 
balea  an  intense  and  eliaractcrietic  odour;  while,  when  kept  in  a 
elose^tmpcred  bottle,  the  vapour  coudeiittcs  on  its  sidus,  and  forms 
■mall  bnlliant  crystals,  remarkiible  for  their  sharpness.  Camphor 
melts  at  347°,  and  boils  at  about  410",  its  density  boin^  0.986,  and 
the  density  of  lie  vapour  5.32.  From  ita  great  elasticity  it  is  very 
dJEBcolt  to  pulverize.  Its  obemiool  composition  correspondfl  to  the 
formula  C,,H„0,  which  in  generally  written  C^H„0,;  its  equivalent 
then  corresponding  to  4  volumes  of  vapour.  Camphor  is  slightly 
Bolable  in  water,  but  dis»<^lvefl  more  freely  in  aleohnl,  ether,  and 
coneentrated  acetic  ncid,  and  it  hums  with  a  white  and  emoky  flame. 
Camphor  obtained  from  the  family  of  the  laurels,  when  dissolved  in 
alcohol,  rotates  toward  the  right. 

Ghlorioe  does  not  act  readily  on  camphor,  but  when  diMolved  in 
chloride  of  phoRphoruH  PCI,,  and  9ubjpct<«d  to  the  action  of  chlorine, 
it  yields  chiorinatfl  camphor  C,(,^I,oCl,0„  which  is  separated  from 
the  perchlnride  of  phosphorus  hy  waxhlng  it  with  water  and  weak 
■olulions  of  carbonate  of  potassa. 

Camphor  absorbs  chlorohydrJc  acid  gas,  and  yields  a  coloarlewi 
liquid  of  the  formula  C„lI,„0„IiCI,  which  is  readily  doatroyed  by 
water,  while  camphor  Roparales  from  it. 

$  1517.  Alkaline  solutions  exert  no  action  upon  camphor,  but  if  ita 
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Tsponr  be  pused  orcr  potnesic  lime  bvatcd  to  750°  in  a  glsAs  tube, 
aa  acid  ea.llod  campholie  is  ronned,  wliicti  cxnubinea  with  the  alkaline 
Bubstuice,  and  nhirli  is  tbcQ  eemratod  hy  diiwolving  in  vater  and 
supenuitiirating  with  clUorohyoric  acid.  Tho  precipitated  cam- 
plturic  acid  i»  diiwolvod  in  u  mtxtarc  of  alcoliol  and  ether,  from  wbicli 
it  separates  in  cryalalB,  molting  at  176*,  and  boiling  at  482*.  It  ia 
ineglablo  in  water,  but  rcrr  soluble  iD  aloobol  and  ether.     VThtn 

XtalUxod,  iu  formula  is  C^H,gO„  or  more  properly  C^II(,0,,HO, 
ih  oorrcspondu  to  4  volames  of  rapouT,  for  the  density  of  the 
vapour  of  cantpholic  acid  is  5.9.  Tlie  fonnnla  of  campholic  add 
differs  from  that  of  camphor  onlj  \>y  containing,  in  anditioo,  the 
elements  of  1  eqniv.  of  water.  The  formola  of  campholato  of  eflrer 
is  AgO,CJI„0,. 

Campholate  of  lime  CaO,C^II,,0,  is  deoompoeed  by  heat  into 
curbonate  of  Hine  and  a  peculiar  li(|Did  called  eamphotone  C„HgO. 

CaO,C„H„0,=C&0,CO,+C«H„0. 

Campholic  acid,  distilled  -nith  anhydrous  phosphoric  acid,  pxm^ 
off  water  and  carbonic  acid,  vhilc  a  carburettcd  hydrogen  CJ^H,,, 
called  eamphojen,  which  boils  at  37»*,  ia  formed. 

S  1618.    Cold  nitric  acid  dissolves  camphor,  and  parts  with 
when  diluted  with  wuter,  while,  by  the  application  of  heat,  a  pecuJia 
aoid,  ca-lled  camphoric,  ia  devoluped.     In  order  to  prepare  (bia  add 
camphor  i«  boilod  for  a  long  ttine  with  10  times  it3  weight  of  nitriol 
aci<.l,  and  iia  the  latter  disliU  over,  it  is  collcctcil  and  poured  hacfcJ 
Into  the  rctoru     At  the  close  of  the  operation,  tlie  oscefts  of  nitmJ 
acid  is  driven  off  by  cvauoratiou,  when  the  camphoric  acid  eeparatcij 
in  a  tryalAlline  m^^i,  wiiicb  Is  purtfivd  by  ditrsulviti^  it  in  carboi  ' 
of  potassa,  and  acain  e^parAting  il  by  meuni;  uf  nitric  ndd. 
phoric  acid  is  moderately  auluble  in  bulling  wkti-r.  the  greater 
tlon  of  it  separating  during  cooling,  white  akxtbol  and  ether  dissolni 
it  readily.     Its  couiposition  correepoads  to  the  formula  C.H-O;; 
and  the  camphor,  by  being  converted  into  ctrnpheric  acid,  combine*' 
therefore  with  6  equlr.  of  oxygen,  which  it  takes  from  Uie  nitric 
acid.     The  formula  of  eamphorie  acid  should  be  written  C^H„0, 
2110,  because  it  is  a  bibaatc  acid,  and  the  general  formula  of  ia 
salts  i*  2R0,C„n„O^.     When  heated  it  is  decomposed  into 
and  a  crystatiised  substance,  lolling  at  518'^,  which,  Irom  its  oein*^ 
position  C^ll^Ou,  may  be  regarded  as  anfigdroua  eamphorie  aeid. 
Camphoric  acid,  disselved  in  alcohol,  rotates  toward  the  right. 

§  1519.  A  speciex  of  camphor  is  extracted  from  the  labiates,  wbicfa, 
in  'm  chemical  composition,  appears  identical  with  the  camphor  ftf : 
the  kurcU,  but  which  rotates  toward  the  left. 

Borneo  Camj/ftor  C„H„0^ 

^  §  1520.  From  the  dryaiaUinopa  eamphora  exudes  a  more 
▼iBCous  oil,  containing  a  oryetalhsable  subetwice,  of  which  th« 
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pcrtics  are  aanlogous  to  thoso  o!  Japan  camphor.  It  has  been  called 
Someo  camphor,  and  is  tiftcn  fouud  crygtullizcd  m  old  tmnkfi  of 
tho  tree  of  tac  dryahaianopt  camphora,  Tliv  cajnpbor  imported  front 
Borneo  and  Sumatra  is  in  small,  crjst&Iline,  colourless,  and  trana- 
parCDt  fragments,  iiiaolubio  iu  wat«r,  but  dissolving  froclj  in  alcohol 
and  ether.  It  melta  at  about  383%  and  boils  at  about  4 10°.  Bor- 
neo camphor  differs  from  Japan  camphor  only  by  coataJnine  2  ad- 
ditional equiv.  of  hyclrof;*.'!!,  which  are  consumed  by  hi'atiiig  it  with 
nitric  acid;  the  Borneo  bpinj?  converted  into  Japan  cirnphor.  The 
litjnid  portion  of  the  essential  nil  of  the  drifahaianops  camphora  is 
easeiitially  composed  of  a  liquid  carburettcd  hydrngon  C|„H,„  oallcd. 
bomSet%,  boiling  at  aboHt  320®,  and  isomeric  with  oil  of  lerponlinc, 
aimilurly  to  which  it  polarizt-s  to  the  left,  its  rotatory  power  being 
much  groator.  Nitric  acid,  after  some  time,  and  a».'«ifited  by  geDtle 
heat,  coiivortH  bortioen  into  Japan  cumphor,  probably  by  tlio  more 
absorption  of  oxygen. 

Of  tome  other  Siearopient  tmalogous  to  Campltor, 

§1521.  Stearoptcns,  exhibiting  prup&rttes  aiialogous  to  the  cam- 
phora,  are  found  in  n  great  number  of  vegetables;  out  wo  ehall  only 
mention  Ibem,  for  as  yet  they  potueae  but  tittle  intereat,  and  are  but 
little  known. 

Peppermint  contains  a  stearopten  of  the  formula  Cj^H^Oj,  called 
mentiun  C^U, ,  which  boils  at  325.4''.  Oil  of  mint  rotates  toward 
the  right. 

OD  of  cedar  is  composed  of  a  crystalUeabIc  eubetancc  C_11^0,, 
and  a  liquid  carburettcd  liydrogcn,  ccJren  C,  11^,  which  boils  at 
478.4". 

Oil  of  absinth,  when  purified,  boils  at  39!).*'2,  and  rotates  to- 
ward the  right:  iu  fonnula  being  C,jl  1,^0^  it  ia  isomeric  with  Japan 
camphor. 

The  root  of  elecampane  [initla  heUfnium)  contains  a  white  cry»> 
taUixable  subfitancc,  hdeiiin,  very  soluble  in  alcohol  and  ether,  melt- 
ing at  361.0",  boiling  at  about  536°,  and  presenting  the  formula 

c«u-o«-  ...  .        .. 

An  essential  uil,  composed  of  a  liquid  portion  and  a  portion  which 
solidifies  at  tl.5°,  is  extracted  from  roses ;  but  the  composition  of  the 
two  Bubstanccs  is  not  exactly  known. 

Oil  of  lavender  containii  a  conBiderable  proportion  of  Japan  cam- 
phor, and  a  volatile  oil,  the  csfleutial  oil  properly  so  called,  which 
has  been  used  ia  the  arts. 

BENZOIC  SERIES. 

Oil  of  Bitter  Almond*  0„n,0,. 

§1*522.  Bitter  almundd  contain  an  esseutial  oil,  and  a  Qon-Tola- 
tilo  fatty  oil,  which  latter  is  expressed  by  Kubjecting  them  to  pres- 
mre ;  and  if  the  pulp  moi»tcn*:d  with  vater  be  then  distilled  m  u 
8»2  il 
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aluubie,  k  mlatile  oil,  wbidi  falls  to  tbc 
paMCB  OTcr  with  the  water.  This  is  tlio  oi 
with  cyanohjdric  acid  aad  two  new  subs 
zoic  acid^  which  ebaU  eoon  be  dcfechbcd. 
distilling  the  crude  oil  vith  Ume  and  j>rot 
to  ft  p&8to  with  wat«r ;  the  difitiUcd  oil  her 
and  agnin  distilled  In  a  glass  retort,  colli 
portions,  vhich  contain  vatcr. 

Oil  of  bitter  almonda  is  a  coloarlcss,' 
peculiar  odour  resembling  t)iat  of  cyaiioltj 
is  1.048,  wlulc  it  boils  at  848.8^  WaU 
weiplit  of  it,  Thilt  it  is  indcBnitcly  solt 
lis  formula  is  C^H^O^  and  it  cxerta  no  i 

Oil  of  bitter  almonds  rapidly  abeorba  t 

ifi  converted  into  benzoic  acid  C^H^OjiHO 

C,AO,+20=0„H,i 

Anhydrous  benzoic  acid  is  therefore  d« 
almoQ^  by  the  eubatitution  of  I  equivol 
of  1  equivalent  of  hydrogen.  Benzoic  a 
of  bitter  almonds  is  boiled  with  a  solulioi 
potassa  convi-rting,  at  a  high  tcmpeTatun 
vhollr  into  benzoic  acid,  hydrogen  hein; 
^gcd.  Chlorioe,  in  contact  wiUi  natcr, 
m  a  very  short  time. 

§  15SS.  Dry  chlorine  net*  powerfully 
diseDgaging  crilorohydric  add.  When  t1 
ceased,  the  liquor  i.^  licated  to  driv«  off  t 
a  liquid  of  a  penetrating  and  di<tagrccahl 
dcDrity  l.KNi,  nnd  boiling  at  383*,  whic! 
hiUer  almonds  C„H,C10,.  Water,  part 
poeoB  it,  forming  chlorohydric  unii  benao 
C„H,C10,+2H0=C,.H,0, 

It  haa  not  yet  been  nsccrtained  if  the  ( 
still  more  chlorinated  products  with  chloi 
into  monohrominattd  oil  C^K^BrO, :  and  i 
is  obtainod,  crystallised  in  laminic,  hr  disi 
oil  over  iodide  of  potaseiuni.  By  rcplod 
by  Kulphide  of  lead,  or  cyanide  of  mercw 
CiiHjSO,,  or  a  mcnoct/anurttttd  oil  0„H, 
chemists  takp  a  different  view  of  the  ca 
bodies,  and  admit  the  existence  of  nn  hy] 
called  benzoyl,  which,  combined  with  hy 
of  bitter  almonds  C„HjOpn,  thus  fom« 
Mrhile  benzoic  acid  i3  the  oxide  of  benzoy 
nated,  brominntod,  cyonurctted,  and  wil^ 
bromitUs,  talphidcs,  and  cyanides  <ifi 
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§1524.  The  ohlorinated  oil  of  bitter  almonils  abeorbs  a  large 
qaanlitv  of  annnonincal  gas,  nnd  in  cnnverted  into  a  vliit«  crystal- 
' —  compound  C'uH^O,,  or  beneamide  : 

C.,H,C10,+2NH,=NH„HCI+C„H,0.,NH,. 

By  treating  the  soliil  product  of  the  reaction  vfitli  watci",  the  am* 
moniacikl  salt  which  form(^d  during  the  opcratiou  is  dii;iJolved,  while 
the  Icnzamldc  uloue  remains,  and  mivy  be  cr_vsta.llij:cd  from  its  solii- 
ia  ulcohol.  The  relation  of  bcnzomido  C„TljO„NH,  with  the 
tocnsoatc  uf  ftminouia  (KII„H0),C,«n,O,  in  the  i<uiiiu  m  th&c  uF  sul- 
lidu  SO„NH,with  sulphitte  of  nmmonia  (KHj,[10),SO,. 
aaumidc  diseolvf^  in  boiling  water,  and  sciittratea  from  it,  on 
in  OTTBtals,  which  melt  at  2.')9°,  and  boil  without  ehange 
Aet  t«iai>oratuj-c.  BenKamido,  treated  with  a  cold  alkaline 
lergocs  no  change,  while  at  the  lolling  point  it  jiclds  ben- 
ioatc  of  potttAita  and  ammonia.  Sulphuric  acid  a1^  decomposes  it, 
1  iulphate  of  aiBmonin  and  benzoic  acid  being  formed. 

§1525.  The  oil  of  bitli'r  alround)),  kept  for  several  weeks  at  a 
temperature  of  100°  to  120'*,  with  20  times  its  volume  of  an  aqueous 
■  volution  of  ammonia,  give»  riiio  to  a  largo  mimbor  of  crj-fitals,  which 
I  we  obtained  isolated  by  removing  the  unaltered  oil  by  ether-  They 
rmrc  dissolved  lu  cold  alcohol,  which,  by  evaporation,  deposits  them 
I  in  aporc  state,  when  their  composition  \a  represented  by  the  foroiulu 
|C^Iii,lfg.  It  has  t)f*n  called  ht/drohrnzamide,  and  its  formation  is 
[lepresented  by  the  folWinjr  equation: 

3,C„H,0.+  2NtI,=C.H,.N,+^5HO. 

Hydrobenzaraidf,  diMolvcd  in  alcohol,  is  readily  converted,  by 
jjing,  into  ammonia  and  vJI  of  bitter  alinouda.  If  nvdrohcnxamido 
i' boiled  with  a  solution  of  caustic  polas»a,  crystalline  flakes  arc 
iormed,  which,  by  roeryslallisation  in  alcohol,  furuii^h  colourlesa 
crystals  of  the  fonnula  C„H„N,,  like  that  of  the  original  bydrobcn- 
sualde,  but  which  differ  from  it  widely  in  its  properties.  Thitt  new  sub- 
BtoDCe,  called  amarin,  is  a  true  organic  baee,  which  fonns  cryittal- 
Uzable  salts  with  the  acids.  The  formnla  of  chlorohydrate  of  amarin 
is  C  U„N„!IC1+H0,  while  that  of  the  nitraM,  which  is  but 
aliKhtly  soluble  in  water,  is 

(C.H^.,HO),NO.. 

52C.  By  adding  cblorohydric  acid  to  water  which  has  distilled 
irith  the  oil  of  bitter  ulmundu  in  the  prepumtion  of  die  latter  hub- 
qtano«,  and  cvupuratiug  it  todryno^  at  a  gentle  h«at,  the  residue 
IB  oompoBcd  of  ctilorobydrutc  of  aoiiuuuis,  tuid  a  pe^niliar  nubatance, 
Icaltod  formobemoj/lv!  aeid,  which  is  removed  by  dusolving  it  in 
«thcr,  when  it  is  dcpoutcd  after  evaporation  in  the  form  of  cryatal- 
Hne  Hpaugte!),  having  the  smell  of  bitter  uluiouds  and  a  Ktrougly 
acid  reaction.  This  substance  dissolve*  readilj  in  water,  alco- 
hol, and  etbor,  and  its  composition  corrcspoodg  to  the  formula 
CuH,0^  or  rather  C,gHjOpHO,  the  equivalent  of  water  being 
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replaced,  in  Ui«  salts,  hy  1  eqiiivftlcnt  of  bsM.  Tbe  fonnola  of  tLe 
acid  any  he  writtfu  C„n,Oj,C,H0,.H0,  wfhicli  uould  represent  U^ 
aa  formed  b^r  thi-  couibiuutioii  of  1  equivalent  of  oil  of  bitter  almoiKls  fl 
and  1  equivalent  of  fomiio  acid;  and  such,  In  fact,  is  the  constitu- 
liou  Sissigned  to  it  by  iut  bohaviour  in  n  gi'^^U't  number  of  chemical 
reactions :  thus,  wltli  oxidizing  reagents,  it  ^'iclds  carbonic  acid,  pro- 
duced by  the  combustion  of  the  formic  acid  and  oil  of  bitter  almonds,  j 

Bensoic  Aeid  Ci,H,O^HO. 

§  1.537.  Oil  of  bitter  almonda  riLpidly  absorbs  tlie  oxyeen  of  tlM.^ 
air,  and  iii  conrerted  into  beuEutc  acid  C„lI,OynO,  wnich  sasMI 
troQsfonnation  is  offbcted  by  exposing  the  oil  to  oxidising  rcaeentSi.1 
Bfinzoic  acid  in  also  extracted  from  a  liirfic  number  of  TeeeCalue  and  I 
animal  substances,  in  vbicb  it  gcticrally  docs  not  exist  already^ 
formed,  being  the  product  of  cliemlcsl  reactions.     In  the  laborat 
it  is  obtained  from  the  reaJB  of  benxwu,  by  vurioua  prt 
most  simple  of  which  conusta  in  ptacdng  in  nn  curthcn  or 
capeulc  1  kilog.  of  coursoly  pondered  bensoin,  covering  tho  ca[ 
irith  a  sheet  of  tissue-paper,  tlic  edges  of  which  arc  pasted  to  ib«1 
vessel,  and  then  surmounting  it  with  a  pasteboard  cone.     Tho  cap>| 
8ulc  being  heated  in  a  saQiT-batb  for  3  or  4  hours,  the  Tapours  oCj 
benzoic  acid  condense  on  the  side^i  of  the  cone,  ailor  having  tra-T 
Tcracd  the  tieeuc-pnper.  which  retains  a  email  quantity  of  the  en|iy-j 
roumatic  oilv  siibsiaticcs,  which  would  injure  the  product. 
proccw  yiclJs  very  pure  benzoic  ncid,  in  the  form  of  snow^ 
crystals  of  an  agreenble  odonr,  but  fui'iiisbes  only  a  small  pc 
of  the  ncid  which  the  henzoin  contains ;  1  kilog.  of  benzoin  yi«|diik{ 
only  40  gm.  ofbenzoic  acid. 

By  tho  following  process,  as  much  as  140  gm.  of  benzoic  scii ' 
may  be  obtained  from  tlie  aame  quantity  of  bcnxoiu.  The  resin  of 
benzoin,  finely  powdered,  is  mixed  with  |  of  its  weight  of  carbonate 
of  soda,  and  n  sufficient  quautity  of  water  to  make  a  liquid  paste, 
which  is  gently  heated  for  several  hours,  stirring  it  ooutinually  to 
prevent  the  melting  of  the  resin.  It  is  then  heated  ^lith  a.  Ihrga 
quantity  of  water,  to  dissolve  ttio  hcnzoate  of  soda,  and  the  beuxoie 
acid  is  separated  by  the  addition  of  a  proper  quantity  of  sulphuiie 
add.  * 

The  resin  of  beiizoiu  muy  also  be  treated  with  3  times  itc  ireighl 
jof  alcohol  st  O.T.'i,  and  the  bonBoic  acid  saturated  with  carbonate  of 
soda  di^olved  in  S  parts  uf  water;  and  2  parts  of  alcohol  beia^ 
finally  added»  tho  liquid,  when  decanted,  is  distilled  in  order  to 
scparato  the  greater  portion  of  the  alcohol.  The  resin  which  was 
dissoWed  in  the  alcoholic  liquor  HCnuratcs,  while  the  solution  only 
contains  thebeiizoate  of  soda,  which  u decomposed  hy  sulphuric  aeia, 
when  the  benzoic  acid  sepuratcs  almost  wholly  from  the  liquor  when 
cool.  By  this  method,  1  kilog.  of  benzoin  will  yield  as  much  as  180 
gm.  of  bousoic  acid. 
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Benzoio  acid  crystal  lines  in  lamclUc  or  in  Boxiblo  and  brilliant 
silky  acicnleo  ;  and  it  haa,  of  itself,  but  littlo  odour,  wbilo  it  gone- 
rallj  proacTTca  the  erat-U  of  bcaroin,  particularly  when  it  has  been 
prepared  by  simple  distillation.  It  vcakly  r«ddi*QB  litmus,  mdls  at 
248",  and  boils  at  4G4'*,  exhaling  copioufl  vnpount  already  atn  tem- 
perature of  300*  01400°.  Tho  density  of  its  vapour  beiof;  4.27,  its 
equivalent  0^11,0,110  corresponds  to  4  volumes  of  vnpour.  It  re- 
quires fur  its  solutiou  2o  parts  of  boiling  oud  200  parts  of  cold 
vatcr,  vbilo  it  dissolves  in  !2  parts  of  alcohol,  and  is  nUo  rcry  solu- 
ble in  ether. 

The  general  formula  of  tho  benanntea  is  RO,C„H,Or  The  ben- 
xoatca  of  potassa,  Boda,  and  ammonia,  nrc  very  soluble  m  irat«r,  and 
cry.stallizo  with  difliculty.  The  benxonte  of  lime  is  very  onloble  hi 
hot  water,  while  cold  water  retains  nn\y  about  ^  of  ite  weight  of  it. 
The  ben«oate  of  pilver  is  prepared  by  double  deeompooition,  by 
pouring  a  hot  solution  of  nitrate  of  silver  into  a  boiling  solution  of 
sn  allcalinc  beneoate,  when  the  benzoate  cf  silver  AgOjC^II.Oj  in 

ecipitaied,  during  the  cooling,  in  the  form  of  colonrless  needles. 

Chlorine  acts  on  benzoic  acln  when  aiuistcd  by  the  ruya  of  the 

D,  and  produces  chlorinated  benzoic  acid,  rolatning  tho  principal 
properties  and  capacity  of  tuituration  of  free  bcnEoic  acid,  the  i^ame 
products  being  obtained  by  heating  benzoic  acid  with  the  alkaline 
bypochlorites  or  with  rnixturca  of  cnlorohydric  aeid  and  chlorate  of 
potasBO.  Two  chlorinated  benzoic  acids  have  been  obtained  iu  this 
nuuiner: 

Monochlorinated  benzoic  acid C,,H^CIOj,H*^' 

Terchlorinated  "         "    C„1I,C1,0„IIO. 

Vinohenioic  Ether  C,H,0,CuH,Or 

•  %  1528.  In  order  to  prepare  this 
ether,  2  parts  of  alcohol,  1  part  of  bcn- 
soic  scid,  and  ti  ports  «f  concentrated 
chlorohydiio  acid  are  heated,  in  a  dis- 
tilling apparatus,  the  liquid  acid  which 
distils  being  retunied  Mveral  times  to 
the  retort ;  when  tho  benAlic  acid  is 
thus  almost  wholly  converted  iutu  ben- 
Boic  other.  But  it  is  better  to  arrange 
the  operation  as  represented  in  fig.  685 : 
the  mixture  is  placed  over  a  water-bath 
in  a  flask  A  which  is  made  to  comma- 
nicate  with  a  refrigerator  bo  arranged 
SB  to  allow  the  diatilted  \i(\mA  tn  gra- 
dually fall  back  again.  The  \\<\\\\a.  is 
treated,  first  with  water,  and  then  with 


Fig.  685. 


a  weak  solution  of  carbonate  of  soda  to  remove  the  free  benzoic 
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ucid,  after  irhich  the  benzoic  «Uior  ia  dncd  hy  dlgosting  ic  ofcr 
chioiidc  of  cnloiam. 

Benxoio  ether  is  a  colourless  WqylA  of  aa  oloagtnoos  couaisteacc^ , 
twaing  At  410%  KDd  of  the  den&ity  1.0/U  mt  50'='.     Tbe  Aoimty  of 
its  vapour  being  5.41,  its  eqaivalent  corregponds  to  4  rolumes  of 
vnpour,  nnd  it  is  insoluble  in  water,  but  soluble  in  all  )iroportioi«  ia  j 
alcohol. 

Meihylbenzoic  Ether  C,II,0,C„II.O,. 

§1529,  Bv  repladng,  in  tho  preceding  operation,  viote  by  me-! 
thTlic  aloohol,  mctbjlbcnzoic  ether*  id  obtiuncd  ua  an  oilv  liqtud,! 
bmling  at  226.4°.  ' 

Sulphobfnzoie  Acid  (C„H.0yS,0,),2H0. 

§  1530.  1i  vapour  of  anhydrous  sulphuric  aoid  be  introdaced  into  { 
a  dry  and  well-cooled  flask  ooDtiuning  bcnsoic  acid,  a  actnifluid  mad  I 
is  formt'd,  which  is  uft«rviunl  treated  with  water  to  die^olTo  thai 
monobjdratcd  Bulphuric  acid,  and  a  peculiar  acid,  called.  »tiivhoben'\ 
zoic,  while  tho  beriioic  acid  la  separated  unchanged.  Tua 
liquid  is  saturated  with  carbonate  of  baryta,  when  salphol 
of  baryta  alone  remaitut  to  the  lit^uid.     By  adding  clilurohj 

acid,  crjstala    of   acid    aulphobentcaU    of  harvta  (UaO+I ,., 

(C„H^O,,S,0,)  Beporatc,  which  ore  rcdissolrcd  in  boiling  water  and] 
again  cryHtalUzed  by  cooling.  Hwlpkobensoio  acid  may  be 
rated  by  dccumpr»iing  u  solution  of  thi»  »alt  with  sulphuric 
added  by  drops:  it  is  very  soluble  iu  water,  reinuius  undecompowil 
oreii  at  300'^,  and  may  be  obtained  in  a  crystalline  form  by  evapcK  < 
ration. 

Sulphobcnzoic  acid  forms  two  series  of  salts  of  which  the  general 
Formulae  are 

(R0+110),(C„H,0„S.O,). 

It  b  therefore  a  bibosic  salt. 

It  will  be  aecQ  that  when  henioic  acid  C,,ll,0j,]10  is  treatod  mt& 
anhydrous  sulphuric  acid,  2  oquivalents  of  the  latter  enter  into  tbe 
new  compound,  but  only  after  liaving  parted  with  1  ciiOiralent  of 
oxygen,  which  baa  formed  water  with  1  equivaleni  of  hydrogen 
given  off  by  the  benzoic  acid ;  according  to  tho  equation 

c«n.o„no+2so,=(C^A.s.o.),2HO. 

Nitrohfnzoic  Acid  C„H^(NOJO„nO. 
§  1531.  Dilute  nitric  acid  docs  not  act  readily  on  bcnsoic  add, 
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tnt  if  the  fuming  ujid  bo  aged,  nni]  in  great  excess,  th«  bcnsoie 
acid  is  dissolved  with  the  diBengagement  of  nitrous  ra|^our»,  tni. 
the  liqnitl  deposits,  on  cooling,  crjBlals  of  nitrobenzoic  acid  C„H^ 
(NO JO ,,110,  which  it)  purified  by  rfcrystallijiations. 

Xitrobenzoic  acid  in  but  slightly  Holuble  in  cold,  hut  tnueh  more 
80  in  boiling  water ;  and  dissolves  {reelv  in  aJcobol  and  ether.  If 
crystallized  into  benzoate  of  lime,  it  tiucs  the  formula 

CaO,C„Iip-0J0,+2H0, 
and  that  of  baryta,  BiiO,C„n,(NOJO,+'iH0. 

Prom  its  oompo^tion  it  may  bo  admitted  that  the  molecule  of 
nitn>ben»oio  «cid  C,  ir,(NO,)0,,IIO  is  merely  that  of  benzoic  acid 
C,.U,O^HO  in  vliicli.  1  equivalent  of  hydrogen  huA  been  roplnoed 
by  the  compound  (XO,) ;  and  many  cases  will  Robacquentlj  be  mot 
mth  in  which  the  same  substitution  may  be  admitted. 

If  a  current  of  chlorohydric  acid  gas  be  passed  throiiirh  an  aico* 
holic  solution  of  nilrobcnzoic  acid,  mtroieriwic  ether  G^ll,(j,C,^B.^- 
(^0^)0,  i»  formcrl,  which  separates  in  colourless  crystalii,  fiisible  at 
llti.li*,  and  boiling  at  about  570°. 

Bmitrobemoic  Aeid  Cj,H,(N0.),0^1I0. 

§  1632.  By  tligcsting  at  a  gontlo  heat  1  paj't  of  benzoic  arid  with 
12  or  15  parts  of  ft  mixture,  m  equal  proportions,  of  Nordliausea 
sulphuric  acid  and  fuming  nitric  acid,  w©  effect  the  substitution,  in 
the  molecule  of  benzoic  acid  C„H,Oj,HO,  of  2  efiuivalents  of  the 
compound  NO,  for  2  equivalents  of  hydrogen,  and  obtain  binitro- 
benzoic  acid  C„II,(NO,).0„UO. 

Sromohetuoic  Add  C,.II,BrO„HO. 

5  1533.  By  introducing  into  a  very  dry  bottl©  bonsoato  of  stlrer, 
and  bromine  containt-d  lu  im  open  tube,  and  leaving  it  to  itself 
after  having  closed  the  bottle,  tho  bcnznate  of  silver  absorbs  the 
TSpoors  of  bromine,  bromide  of  stiver  being  formed,  nliilo  tlto  beo- 
mic  acid  coiiibini>.H,  at  the  same  time,  with  tno  equivalent  of  oxygen 
given  off  by  tho  eilvcr  and  with  1  equivalent  of  bromine.  By 
treating  it  with  other,  only  the  now  acid  C^^H^BrO^jHO,  di&solves, 
which  rcmiLius  in  the  form  of  a  orystaUine  mass.  It  h  imjiortuit 
to  remark  tliat  bruuiobenzoic  acid  has  not  presen'ed  the  conslitutUm 
of  bontoic  acid,  but  that  it  is  formed  by  the  addition,  and  not  the 
sabstitatioD,  of  new  elements. 

Bemoait  <^  OH  of  Bitter  AlmondM. 

S 1634.  When  moist  chlorine  is  passed  throngh  oil  of  bittcr 
almonds,  crystals  insoluble  in  water,  bul  very  aoluhk*  in  aleohol,  ar«, 
aftor  some  time,  developed  in  it.  The  composition  of  this  eubatosce 
may  be  represented  by  tho  formula  (2C,jHjO,,C„rijOj);  3  mole- 
cules of  the  oil  being  grouped  into  one,  aftor  one  of  thcitc  moleculw 
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hu  been  converted  into  benzoic  tcid,  bj  the  oxidiKtng  action  of  Ui« 
uotal  chlorine.  Its  composition  would  thcicforo  be  an&logoas  ta 
tlmt  of  acetal  (§  1368)  nnd  of  tocthjlal,  (§  14S2.) 

S1535.  If  crude  oil  of  bitter  tkluonib  be  shaken  wiih  nn  alco- 
holic Bolation  of  potnssa,  the  oil  nets,  in  a  few  minuto^  into  &  cir^ 
talline  mass;  the  presence  of  n  certain  qaaotity  of  cjanolijmic 
acid  being  necessary  to  the  transformntion.  The  new  subetonce  ia 
crjftUilliiiMl  bjr  purifying  it  in  alcohol.  This  substance,  to  wUdi 
the  name  of  tejizdn  has  been  j^iven,  presents  exoctlv  the  ranie 
compoaitioa  as  the  oil  of  bitter  almon(L<!,  melts  a,t  248°,  and  maj 
be  dutiUed  without  change.  Though  inNoluble  in  cold,  it  h  slightly 
soluble  in  bcnlioe  water,  and  rather  freely  so  in  alcohol,  witca 
with  hydrate  of  potasoa,  it  yields  benzoate  of  potassa.  If  it  be 
left,  for  a  long  time,  with  an  aqueous  solution  of  ammonia,  a  while 
powder  is  formed,  nearly  insoluble  in  water,  alcohol,  and  ether,  which 
has  been  called  htmoinamidf,  and  presents  the  formula  C„H„K  :  it 
may  be  supposed  to  be  formed  by  mcana  of  H  equivalents  of  beu- 
loin  S(C,,HgOj)  and  2  of  ammonia,  from  tho  ecjuacion 

§  1536.  Benzoin  dissolves  when  heated  with  nitric  acid,  mi  a ' 
new  substance  of  tba  formula  CmH.O,,  separates  after  cooling 
called  benzil,  which  thcroforo  result*  by  the  simple  abatraetioa  of 

1  equivalent  of  bydrogvu  from  the  benzoin.  The  ^ame  ooRipomid 
is  obtained  when  chlorine  m  causod  to  act  upon  benimin  heated  to 
futioD,  when  the  equivalent  of  hydrogen  is  dinengaged  in  the  state 
of  chlorohydric  acid.  Bouiiil  is  cryatallizud  by  purifying  it  in  al- 
cohol, and  is  a  sUghtly  yellowish  tiubstance,  melting  at  about  1!H°. 

Benzil  is  not  changed,  oven  at  the  boiling  point,  by  an  aqnooias 
solution  of  potassa,  w'bilo  in  contact  with  an  alcohohc  solutit 
the  same  allcali,  it  abfltracis  1  «]uivalent  of  water,  and  in  com 
into  aaacid,  called  bennilic,  of  the  formula  C^II„Os,  which  resio!' 
from  the  coutbiuBtioii  of  the  elements  of  2  equivalents  of  water  with 

2  oquivolentg  of  bensil : 

C„H,0,=2C..n,0,+2HO. 

The  same  acid  is  formed  by  heating  benxoin  with  an  alcoholic 
solution  of  potiissft,  saturating  the  hot  solution  with  ehlorohydrifl 
add,  and  allowing  it  to  cool,  when  bcnxillc  acid  is  deposited  in  crys- 
tals. It  melts  at  248°,  and  deeomposoa  at  a  higher  tempeiatore, 
giving  off  a  certain  quantity  of  bentoic  acid. 

Bentiiu  CjjHg 

§  1587.  When  bensoic  acid  C^ri,0„nO  is  heated  with  3  time* 
its  weight  of  hydrate  of  lime,  carbonate  of  lime  is  formed,  while  a 
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coloiirl«M,  Tcrj  volatile  liquid,  of  the  formal*  0^11^  •nd  called 
bentiae,  distils  over,  which  is  rectified  over  quicklime.  The  reaction 
ifl  ezpre«8ed  b^  the  equation 

C.,H,0,.HO=2(CaO,COJ+C„H,. 

Benzine  is  aUo  formed  when  beuxoic  acid  to  vapour  is  pasaed 
through  a  tube  filled  with  fragments  of  pamicc-etoDc  and  heated 
to  reduess ;  bciijuus  and  carbonic  acid  alono  being  formed : 

Benzine  is  also  produced  by  the  tiecom position  of  n  great  number 
of  organic  substanceij  hrhcnt:  thus,  a  considerable  proportioQ  of  it 
is  found  in  the  volatile  oils  formed  in  the  maDofaoture  of  illumiaai- 
ingg". 

Benzine  boib  at  186.8^,  and  its  density  is  0.86,  nhile  that  of  iti 
vapour  is  2.38,  its  equivalent  corresponding  to  4  volumes  of  vapour. 
At  32"  it  sets  into  a  crystalline  mci»».  which  melts  only  at  44.6'*; 
and  it  is  insoluble  in  water,  but  very  soluble  in  alcohol  wnd  other. 

Benzine  ia  easily  acted  on  by  dry  chlorine,  when  exposed  to  iho 
ravs  of  the  sun  ;  and  if  it  be  poured  into  a  large  well-dried  bottle, 
filLsd  with  chlorine,  and  the  bnttle  be  exposed  to  the  min,  it  becomes 
filled  witli  white  vaponrs,  while  the  sides  arc  covered  with  white 
cryatale  of  the  formala  C,jII^Cl .  The  behavimir  of  tlii.i  pubstanco 
with  an  alcoholic  solution  of  potussu  leads  ua  to  write  ita  formula 
Cj,H.CI„3HCI ;  the  solution,  in  fact,  decomposing  it  by  abstracting 
8HCI;  while,  if  the  liiiuid  be  diluted  with  wutcr,  an  oily  and  co* 
lourlcss  liquid,  insoluble  in  water,  and  of  the  formula  C„H,01^ 
separates,  the  density  of  the  vapour  of  which  being  6.37,  its  equiva- 
lent corresponds  to  4  volumcH.  ThU  is  therefore  terckt&rittattd 
tvnzine,  and  the  cryataltine  substance  formed  by  the  direct  action 
of  chlorine  on  benzine  niav  bo  regarded  na  a  terckhrinatrd  trkklo- 
r&hffdraU  of  benzine.  This  same  decomposition  of  the  crystalline 
compound  takes  place  when  it  is  tUstillcd  Hcvcrat  titnc!)  alone,  or 
Etill  better,  over  lime. 

Bromine  ^ieldn  with  bcn^ino  an  analogous  product  C,^H,Brj| 
3IIBr,  which,  with  the  alcuhuUc  Holution  of  potasea,  also  prodaoes 
Urbrominated  lemine  </,,II,Br,. 

§  1538.  Common  nitric  acid  acts  hut  feebly  on  benzine,  while  if 
it  be  heated  with  the  fuming  acid,  it  dififiolvcfl,  and  an  addition  of 
water  precipitates  from  it  a  yellowish  liquid  C,jlI^(NOA  nitro&en- 
gitie.  It  may  be  granted  that  this  substanee  is  formed  oy  the  sub- 
stitution of  1  equivalent  of  the  compound  NO,  for  I  equivalent  of 
hydrogen  of  the  beniine.  Nitrobeniine  eolidifiea  at  82^,  aad  aelt> 
only  at  37.4°,  while  it  boils  at  415.4"  without  change. 

By  causing  a  largo  excess  of  fuming  nitric  acid  to  act  (or  a  long 
lime  on  benr.inc,  wc  can  succeed  in  replacing  -  enuiraleati  rf  liT- 
drogen  by  2  equivalonls  of  the  compound  (NO,)^  aarf  prvdaonjj 
Tot.  IL— 8  B 
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C^Ti/NO^)p  -wliidi,  bj  the  addition  of  -water,  ft 
|i»d|)itat6d  in  tbe  form  c^  &  etyBtalline  powder.  Bj  cTjst&lliMtioii 
in  alcohol,  it  is  obtained  in  large  brilliant  lameltic. 

Bj  eubjectins  nitrobenzine  and   binitrobeazine  to  certain  re- 
ducing agents,  they  are  converted  into  two  rery  remarkable  8ul>- 


stance!^:  anilin   C„H^,  and  nitranittn 


C„H^OJN,  which  are 


a,SOf,  and  thi 


trno  t'olatile  organic  bases. 

Salphoberainv!  aci?  C„H^S,O^HO,  and  Sulphohensiite  C^„SO^ 

§  1539.  Benzine  is  not  appreciably  acted  on  bv  ordinary  sol* 
pharic  acid,  while  the  anhydroua  acid  dissolves  it  with  tlo-alioa  vf 
temperamre.  a  vi»coa»  licjuid  being  Tormed,  which,  when  treated  wiih 
water,  deposits  a  oryBtalUne  precipitate,  suiphobfitiine,  and  pro- 
duces a  solution  containing,  with  ordintiry  sulphoric  acid, »  nnr 
acitl,  called  tulphobentime. 

Sulphobenzine  Bhould  be  purified  I^  ciystallizatjon  in  alcohdl, 
after  which  it  is  a.  colourless  substance,  melting  at  212°,  and  boiling 
at  about  760",  without  change.     Its  formulii  inCnII 
following  equadoD  expresses  the  reaction  which  produces  it : 

C..H.+2SO,»C,^«S0.+S0„HO. 

Bt  saturating  the  acid  liquid  with  carbonate  of  barrta^  the  free 
sulphuric  acid  is  precipitated,  and  a  solution  of  Bnlphobentinate  of 
baryta  i?  olitainca.  By  pouring  sulphate  of  copper  into  the  latter, 
this  salt  is  converted  into  eulpliobeusiuate  of  cMiper,  which  eryital- 
liites  readily  according  to  the  formula  CuO,(C(jIi.,S,0,). 

Wlien  decomposed  by  sulf  hydric  acid,  it  prodacee  isolated  nd- 
phobenzinic  add,  a  rery  acid  liquid  vhich  may  by  crystallifed  by 
evaporation. 

Benzone  0„H,0. 

g  164:0.  When  benzoatc  of  lime  is  subjected  per  ««,  irithoot  any 
addition  of  an  exci^sa  of  hydratcd  lime,  to  the  action  of  hoat,  wito 
the  bcuxiuo,  two  other  products  are  formed:  benzon»y  andaoTstal' 
lino  substance  of  which  the  nature  is  not  yet  known.  As  tluwo  two 
latter  BubslauoCB  boil  at  much  hi{;faer  temperatuiee  than  boDBioo, 
they  are  ensily  neparated  from  it,  by  heating  the  mixture  to  426^, 
at  which  temperature  the  bensine  is  wholly  volatiliEed.  The  rccidue 
being  cooled  to  —  4°,  nearly  all  the  solid  Hulmtance  is  dcpouted,  and 
tho  boozone,  which  remains  fluid,  may  be  decanted. 

Bcozunc  is  an  oily  liquid  of  the  formula  C^H^O,  tlie  reaction 
from  wbiol)  it  arises  being  expretuod  by  the  equation 

CaO,C„n,0,=CaO,CO,+CuU,0. 


AMTQDALDI  CUoNAr 
S  IMl.  Bitter  oLmonJa  do  not  coDtain  the  oil  of  bitter  almoadtt 
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r«A(ly  formed,  1>iit  in  its  stead  a  rery  rcmftrkabic  sabstonco,  called 
amifgdalin,  which  is  converted  in  the  oil  by  the  ftction  of  a  second 
substance,  called  emulgin.  In  order  to  prepare  amygdalin,  Litter 
ftlmond*  are  aul>ject«d  to  very  heavy  preasure,  when  a  fattj,  colour- 
less, non-Tolatilc  oil  exudes,  called  vil  of  tweet  almcnd*,  oecause  it 
i,alBo  exiiitii  in  this  Rpecion  of  almond.  The  balance  of  the  oil  it 
^then  removed  by  treating  the  crushed  cake  sereral  times  with  ether; 
ifler  which  the  pulp  is  boiled  twice  with  aloohol,  to  dis-iolvc  the  ntoyg- 
ialin,  the  greater  portion  of  the  alcohol  being  afterward  separated 
ll^y  didtillatioti ;  nhcR  the  re&idue  deposits  tha  amycdalin,  on  cooling, 
cryatalline  lamellae.  Amy^dalin  dissolves  readily  in  witter,  and 
depoeiteil  from  it  in  beautiful  crystals,  of  the  formula  C^ri_N,0_ 
'•f  6110 ;  the  6  equivalents  of  water  being  disengaged  at  248^.  U 
dissolves  freely  in  boiling  alcohol,  but  is  nearly  insoluble  in  cold 
alcohol.  Amygdalin  rotates  toward  the  left. 
^L  When  brutou  with  a  mixture  of  peroxide  of  manganeHe  and  sul- 
^■.phuric  acid,  it  is  decomposed  into  ammonia,  carbonic  acid,  forioic 
^B  acid,  and  oil  of  bitter  altnonds,  by  which  process  it  yicltb  more  than 
^Tone-half  of  ils  weight  of  oil. 

§  1542.  By  pouring  into  a  solution  of  amygdalin  in  10  parts  of 

■  irater,  an  euulisiou  of  sweet  almondH,  cyauoiiydric  acid  and  oil  of 
1>i(tcr  almondii,  readily  known  by  their  smell,  are  immetUately 
formed.  The  name  of  ti/naptaae  has  been  given  to  the  active  sab- 
Btanco  effecting  the  Iransforuiation,  which  exists  both  iii  ancet  and 
in  bitter  almonds.  In  order  to  prepare  eynaplnse,  swcci  almonds, 
from  which  the  olt  has  been  previously  expressed,  are  treated  with 
water,  and  to  the  solntion  is  added,  first,  acetate  of  lead  in  order 
to  precipitate  a  gummy  matter,  tlien  acetic  ncid  to  coagulate  the 
albumen,  and  la.stly,  a  large  quantity  of  alcohol,  after  having  pre- 
cipitated the  excei*9  of  lead  by  aulfhydric  acid;  when  synaptase  is 
deposited  in  fl.ike.%  which  change,  on  cooling,  into  a  brittle,  gum- 
like  subRtancc.  The  action  of  synaptase  on  amygdalin  may  he  com- 
pared to  that  of  yeast  on  sugars,  its  analogy  with  the  phenomena 
of  fermentation  being  perfect,  while  the  products  of  the  reuotiou 
tare  compllcAtcd,  and  a  considerable  (|uantity  of  sngar  is  formud. 
I'One  part  of  syiiaptaAO  ia  sufficient  to  decompose  10  parts  of  amyg- 
tdalin.  Synaptase  ia  Bolublo  in  water,  but  it  coagulatoa  at  140% 
id  then  losi>s  all  its  power  over  amygdalin.  In  order  to  produce 
feet  transformatioa,  tbe  amygdalio  must  be  dissolved  in  a  birgo 
itity  of  water. 
From  this  it  will  be  seea  that,  in  order  to  prepare  the  oil  of  bitter 
londa,  the  pulp  must  not  be  immediately  distilled  with  water,  bob 
be  digested  in  tbe  cold,  or  better  still,  at  a  temperature  of  86°, 
enough  to  allow  the  amygdalin  to  bo  wholly  decomposed  by 
^  _jmspta8«.  The  eeeential  ou  and  the  cyauohydric  acid  are  then 
jaratcu  by  distillation. 
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§1543.  By  distilling  the  flowers  of  tlie  moa^low-Aweot  (j 
uimaria)yntu.  water,  on  essential  oil  C,,1I,0,  i»  obtained,  acconii 
hj  ft  carbarctted  hydrogen,  isomeric  with  oil  of  terpentine,  and 
crystalliDe  substance  analogous  to  c&mphor.     Tlie  oil  posaeaBce  tx' 
propertieiS  und  hius  honce  been  called  tptro^loua  acid,  and  talicylo 
aeia  from  its  correlations  witli  oi  nentral  snbfltancc,  aaf.icin,  ¥hio 
cxintA  in  the  baric  of  ttio  willow,     ^alicin  treated  with  a  mixtare  i 
sulphuric  add  and  bicliromatu  of  poUusa  yieldx,  in  fact,  a  large 
portion  of  oil  of  npirtca;  and  vro  shall,  therefore,  commence  with 
description  of  t\m  eubatuJice,  which  it  is  impoaeiblo  to  aepurate 
the  icricH  of  tmlicylic  producta. 


Salicin 


C«H„0„. 


{1544.  In  order  to  prepare  salicin,  the  bark  of  tlie  willow  is  ' 
1lMUt«d  by  boiling  water,  and  lithnrge  is  added  to  the  concentt 
solution  until  tbc  liquid  ia  deprived  of  colour.     The  oxide  of  lead  i 
then  partially  precipitated  by  sulphuric  acid,  the  prwipiution 
finished  by  sulphide  of  bariuni,  added  by  drops  to  prcveat  its 
in  excess.  The  filtered litiulil  i*  cvapoiatcd,  and  then  deposits  ioi[ 
wlieis,  which  is  purified  by  di^soinng  it  in  water,  discolotuing 
bjr  animal  black  and  rccrystal lining  it. 

Salidn  cryECalliscB  in  white  iaodorous  aciculee  of  a  Utter 
and  without  any  rcnciiou  on  vcg«tablc  colours.    It  loaee  uothing ' 
ita  weight  at  21*2°,  melts  at  24H°,  and  is  decomposed  at  &  hi^l 
temperature.    100  part*  of  water,  at  the  ordinary  temperature, 
solve  5.3  of  salicin,  while  boiliu;'  water  di{<3olves  it  moch  more  fr 
and  alcohol  also  dlseolvcis  it,  Lut  it  is  Insoluble  in  ctlter.     SalJc 
polarizes  toward  the  leffc. 

Cold  coQcvtitratcd  sulphuric  acid  dissolves  ealloin,  and  it  becOnl 
of  a  blood-red  colour;  which  reaction  is  a  tc»t  of  salicin  in  tbe  i 
of  the  willow  and  poplar  tree.     Dilute  sulphuric  and  cUIorohyd 
acids  decompose  fialicin  at  the  boiling  point  into  glucoae  C^II^O^ 
and  a  resinona  substance,  called  taliretin  C„HjOg,  according  to  tS 
equation 

c,n„o,=c„n.,o„+c„ii,o.. 

$1645.  }fitria  odd  formB,  with  salicin,  very  varlniL'!  products, 
cording  as  it  is  more  or  less  dilute.     If  1  part  of  nalicin  he  treat 
with  10  part*  of  nitric  acid  at  20*  Baum^,  and  the  mixture  be  k 
to  itself  for  1  or  2  days,  nhnking  it  frequently  to  hasten  the  solo-' 
tion  of  the  salicin,  a  yellow  liquid  is  obtained,  which  depoeite  a  white 
substance,  crystallized  in  small  needles,  and  called  helicin.     It  ■ 
verv  nolnblo  in  hot  water,  but  scarcely  bo  in  cold,  and  it«  formula  is 
Cyll,„0„+8HO,  the  3  equiv.  of  water  being  giren  ofl'  at  21-2'',  wit'  ~ 
out  alteration,  while  it  meltji  at  about  S4T°.    A  solution  of  pot 
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baryta,  or  ammonia  dccompoacd  it  into  glacosc  aud  oil  of  sninca 

C„n„0„+2H0-C.,ll„0„+C,.H,0.. 

P^  Chlorine  acts  readily  upon  heliciii  iu  the  presence  of  wnter,  fonn- 
inff  monochlcrinattd  kelicin  C„lI,jCIO,„  which  is  decomposed  by  a 
solutioti  of  putiiiwa  into  glui'ose  C,,II„0,^  auJ  into  monocklorinaied 
cU  of  gpirsen  C„H,C10,.  Monobromimitod  h«licin  ii  prcparod  in 
the  sainc  mauiicr,  oud  undergoes  au  auatogoua  traasfonnatiuu  witb 
potogga. 

Bcer-yoast  and  synaptneo  exert  a  trao  fermenting  action  on  boli- 
ein,  dceoinposine  it  into  glucose  and  oil  of  spirseo,  uud  producing 
an  analogous  cffuct  on  wonochloriaatctl  licliciii,  vrhich  they  dccom- 
poso  into  glacosc,  and  monochUiriniUcd  oil  of  spiricii. 

When  tbc  nitric  acid  la  more  concentrated,  and  it  is  heated,  the 
salictu  is  convprted  into  oxalic  acid,  and  an  acid  which  we  shall 
desoribc  under  the  name  o(  pkric  add. 

Chlorine  does  not  act  bo  energetically  on  salirin  etcept  in  the 
preaenco  of  water,  when  chlorinated  ealidna  are  formed,  which  com- 
bine with  a  certain  quantity  of  water,  and  we  thus  have  sacceBsirely 

IMonochlorinated  salicin C»II„CI0„+4UO, 
Z          Bichlorinalod           '*      C^,^CI,0,.+2HO, 
r          TricUorinated          '*      C„n„Cl,0„+2H0. 
VQbromic  acid,  or  a  mixture  of  nulphnric  acid  and  hichroniate  of 
'      ^BnBM,  converts  salicin  into  s^ilicyluus  and  formic  acids. 

§  1&J6.  Bccr-ycattt  and  albuminnus  eubstanccH  do  not  act  upon 
aslicin,  while  Myuaptasc  exerts  over  it  a  very  remarkable  power,  which 
should  be  clashed  among  th«  phenomcita  of  fermentation,  uqc«  it 
dccomposeit  it  into  glucose,  and  into  a  new  substODCtf,  called so/tgitfitilt 
C„H,0^  according  to  the  reaction 

C,H„0,.+2nO=C,H„0„+C,.H.O,. 
Id  order  to  effect  this  transformation ,  50  parts  of  powdered  salidn, 
diffused  in  200  parts  of  distilled  water,  are  treated  with  about  8 
parts  of  HynaptaA(>,  whon  the  whole  is  introduced  Into  a  bottle,  which 
IS  well  ehiiken,  and  li<'atcd  In  a  water-bath  to  104°.  in  10  or  12 
hours  the  transformation  ix  completed,  and  the  greater  portion  of  the 
Baligenin  is  deposited  in  the  form  of  small  Thombohedral  crystals.  In 
order  to  extract  the  remainder,  the  liquid  is  shaken  with  its  volume 
of  other,  which  takes  the  ealigenin  from  the  water,  and  deposits  it 
on  eraporatton-  Glucose  rcmuna  iu  the  aqueous  solution,  and  may 
be  easily  recognised  by  its  optical  properties,  or  by  oausing  it  to 
ferment  with  yeast. 

8ali^enin  dissolves  in  all  proportions  in  boiling  water,  but  it  re- 
qnircti  ir>  parts  far  nulutrun  at  the  ordinary  temperature,  and  it  is 
very  soluble  in  alcohol  and  ether,  without  possatsiug  rotatory  power. 

It  melts  at  179.6°,  while  the  prolonged  action  of  heat  converts  it  inbo 
Si3 
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BaliroUn,  which  trmmtfonnatioo  is  aJao  ver^r  rapliUy  effecteil  b^  dilute 
mineriU  ncids.     A  mono,  bi^  ftad  triehhrinaUd  tati<ienm  has  ' 
obtained  by  causing  s^naptsso  to  act  on  monu,  bi,  and  trichlorina 
ealicin ;  which  fact  is  remarkable,  beeauM  it  shows  that  the  si 
tion  of  chlorine  for  hyJrogcn  in  salicia  does  not  prevrnt  ferment 
tioiu 

Saii'cylous  Acid  C^HjO^^HO. 

§1547.  Wo  hare  Raid  (§  1,'J43|  th.at  sallcyloust  ncid  in  merely 
oil  extracted  from  the  fluwcrs  of  the  meadow-tjweet,  by  di^tillatio 
with  water.  It  does  not  exist  in  them  ready  formed,  for  the  fio< 
may  be  exhausted  by  alcohol  without  obtaining;  a  trace  of  it;  bat  i 
)8  produced  during  the  distillation  of  the  Qowers  with  water ;  probahl 
by  a  phenomenon  of  ferraeutation  analogous  to  that  prodacing  m 
of  hitter  almonda,  when  the  palp  of  the  almond  is  digested  with  tepid 
water.  The  dintillation  of  the  flowers  of  the  meadow-sweot 
water  yieldi!,  in  addition  to  ealicyloua  acid,  an  easential  oil,  isotnc 
with  oil  of  terpentine,  and  a  volatile  Bubstance  which  crystallii 
Bot  by  ehaking  the  distilled  product  with  caustic  pota«8a>  tb 
cyloos  acid  atone  combine-t  with  the  alkali,  and,  if  the  whole  baj 
djstiUed,  the  rolatilc  oil  and  cryetalline  sabstance  volatilize 
vater,  while  the  Kalicrlitc  of  potawa  remains  in  the  retort.  Tb 
BaJt  being  dccompoeod  by  eulphorous  acid,  and  the  dietillatioo 
commenced,  the  Nihcylous  add,  set  free,  condeDSCS  in  the  rceeiTc 

It  is  more  easy  to  obtujn  salicyluua  acid  from  salicin  by  introds 
ing  a  mixture  of  8  purtt)  of  the  latter  mihstance  with  3  parts  of 
chromatc  of  potassa  and  24  parts  of  water  into  a  retort,  and  shi 
ing  it  freqiiciitiv  nntil  complete  sottition  is  effected,  when  4{  pi 
of  coucuutrattid  sulphuric  acid,  dissolved  in  12  paj'ts  of  water, 
addc<l,  and  the  whole  is  agnin  shaken.     Reaction  £rai.Iua1ly  ct 
and  when  it  appeam  to  be  tenninatffd,  the  temperature  i.s  gradt 
raised,  and  the  distilled  products  are  collected  in  a  well-cooled 
cciver.     The  lattor  are  composed  of  an  aqueous  solution,  BIigfat^ 
acid,  contaiiuDg  a  small  4]uantity  of  formic  acid,  and  a  rcddtah 
which  celled*  at  the  bottom  of  tlic  aqueous  liquid.     The  oil  is  ■ 
canted  and  digested  for  24  hours  over  chloride  of  calcium,  and 
rectiGcd  anew,  by  which  means  perfectly  pure  salicyloiis  acid 
obtained. 

Sallcyloos  acid«  or  the  essontiat  oil  of  tpireea  idmaria,  \»  a  cola 
less  liquid,  ansuming  a  red  tingo  on  exposure  to  the  air,  of  an  od«Q| 
similar  to  that  of  the  oil  of  bitter  almonds,  and  staining  the  t'  " 
yellow,  the  Btatns  disappearing  as  rapidly  as  thoeo  of  iodine, 
boils  at  3«4.8°,  and  its  density  at  55.4"  is  1.173,  while  the  deint 
of  its  vapour  is  4.27,  and  its  equiralent  C„H,0„I10  is  repre 
hy  4  Tolnmea.     It  has  no  rotatory  power.    It  is  nearly  insolii 
wattT,  but  dissolves  in  all  propurtions  in  alcohol  and  ether;  ant 
although  its  BolutivDS  do  not  redden  tincture  of  litmus,  they 
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decompose  the  alkaline  carl>onat(»).  even  vhon  cold.  It  is  important 
fa)  remark  that  the  formnla  anti  lienaity  of  rapotir  of  aalicylous  Mid 
is  the  name  as  that  of  benzoic  acid,  furaisliing  a  curioiui  example  of 
isomerism. 

tSalicylous  acid  forms  two  cumponnds  with  potasisa ;  and  Milicylitc 
of  potaAsa  K0,C„H,0,+2II0  ia  obtained  aft  a  yellow  crystalline 
toaaa  when  inilicylous  acid  is  added  to  a  concentrated  nolution  of 
Dotusa.  By  dissolnag  it  in  absolute  alcohol,  the  salt  ia  deposited 
In  crystalline  lamellse  of  a  golden  yellow  colonr.  By  moans  of 
this  Mit,  the  salycylitog  of  baryta,  lime,  wnCi  lead,  mercury,  and 
silver  can  be  prepared  by  double  decomposition.  The  aqncous  9o!u- 
tiOD  of  salicyltte  of  potassa  i»  readily  decomposed,  and  yields  forui- 
Ate  of  putafiBu  and  a  aalt  of  putitd^  foritied  by  n  hlnck  subatunco 

ICjJHgO  ,,  to  whicli  the  name  of  meluiiie  turid  has  been  given. 
By  disriulviug  salicylate  of  potuasa  in  hot  alcohol,  and  uddlug  an 
■dditional  t{iiauticy  of  salicylous  acid,  the  liquid,  on  coolinc,  depo* 
riu  coiourleas  acicu]»  of  a  salt  of  the  formula  {K0+H0),2C,,H.0a 
which  may  be  called  bigatuylke  of  pota9»a,  and  is  more  fixed  toan 
■  the  neutral  salicylite. 

Saticylous  acid  absorbs  ammoniacal  gas,  and  ia  converted  into 
y«Uowand  crystalline  Bali^jtile  of  ammonia  [Nlij,HO),C,,H,0  the 
Bame  compound  being  formed  vrhen  saltcylnu^  acid  i^  difftolved  m  an 
aqueous  solution  of  ammonia;  white,  if  the  acid  le  fu-Bt  di^ulved  in 
,^-  8  time^  ite  volume  of  alcohol,  and  ammonia  be  added  by  drops,  yel- 
Uplow  acicuUe  are  formed,  which  readily  dissolve  whon  the  temper* 
ature  is  raised.  On.  cooling,  the  new  product  is  deposited  in  crystals 
of  a  golden   yellow  colour,  with   the  formula  C^II ,,1^,00=0^^, 

IE^Hj^iOe,  ensuing  from  the  following  reaction : 
S(C..H,0,,nO)+2NH,=CJT,.CNn,).0.+6HO. 
t  has  been  called  $iil}iydram%d<y  and  is  izk£olublc  in  wat«r,  even  at 
be  boiling  point. 
SaUcvloua  acid  absorbs  eUoiine,  even  when  cold,  and  the  reaction 
tabes  place  with  elevation  of  tempcmture,  chlorohydrie  acid  being 
^^^iiscngagcd,  and  the  oil  at  lost  becoming  solid.     By  dissolving  it  in 
HUoohoU  crystalline,  colourless,  and  pearly  liimellie  mt  deposited,  of 
monoekhrinated  talicifloiu  acid  C^Jfl^ClOj+HO,  whicli  forms  well 
marked  salts,  of  the  general  formula  RO,C,,HjCIO,.  and  yields,  with 
ammoDiacal  ga^  fnonocMorinated  aalicjfUimide  C„Hj,Cl^H,lX),. 
Btomine  f&rms  a  moncehlorinitcd  ioluylk  oc^C„H^rO„HO. 
Ifsalicylona  acid  be  heated  with  nitric  acid  of  medium  strength, 
hypoDicrio  acid  is  disengaged,  and  the  oil  is  conrertod  into  a  crys- 
talline mass,  which  is  purified  by  dissolving  it  in  boiling  water  after 
having  washed  it  with  a  small  quantity  of  cold  water.     The  Bolutian 
deposits,  by  spontaneous  evaporation,  yellow  priaraatic  crystals  of 
nitrotalicymit  acid  C,^iI,(N0JO„H0,  which  combines  with  bases, 
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aad  forms  Baits  posscfisiug  detooating  properties  bj  an  eleratioa  of  j 
temperature. 

Salicfflia  Acid  C„H,0„nO. 

§  1 548.  Wlien  wlicjloos  aciJ  ia  heated  with  an  ezceu  of  hydrate'] 
of  potassa,  hydrogen  ia  diacngagcd ;  and  if  the  operation  be  arrested  1 
at  the  moment  of  the  cexsuttou  of  the  erobtion  of  gas,  the  mass  b«| 
dissolved  in  wfit«r,  and  an  excess  of  chlorohydric  aci<l  added,  cry»-j 
taU  arc  precipitated,  which  arc  jiuiified  hy  recrystallination  frum.i 
hoiling  water.  They  are  formed  by  a  new  acii, *alici/lic  C„I1^0pI10, , 
which  arises  from  toe  follciwiuj;  reaction : 

C„H.O„HO+KO,HO=KO,0„H,0,+2H. 

This  acid  results  froni  the  aiuiplc  combination  of  1  equivalent  of] 
Ealicyious  acid  with  2  ciiaivalcnts  of  oxygCQ. 

Salicylic  acid  dissolves  in  boiling  water,  but  is  nearly  iosoloblftJ 
in  cold  water:  it  diasolres  freely  in  alcohol  and  ether;  volattlixct] 
without  change,  and  then  produces  crystals  resembling  those  o( 
benzoic  acid:  it  rcddons  litmus  and  dccompoBeB  the  carbonates.*] 
It  haa  no  action  on  polarized  light.  Bromine  and  chlorine  act  ■ 
it  readily,  and  produce  mono  and  bibrominated,  mono  and  bicMo-] 
rinated  salicylic  iicids. 

Treated  with  fuming  nitno  ncid,  salicylic  aeid  is  convertod  intoi 
reddiBh  rceiuoid  moee,  which  is  to  be  washed  with  cold  and  dtsaolvedl 
in  boiling  water:  yellowiah.  fusible,  and  volatile  acicnlse,  of  «iirro.j 
taUc^tkacid  C,4n,(N0,)0j,}10  are  deposited  from  the  solution. 

Methyhmlic^tlie  Ether  C,H,0,C„H,0». 

§  1.549.  By  distilling  a  mixture  of  2  parts  of  mclhylic  alcohol. ' 
part.t  of  salicylic  acid,  ami  1  pnrt  of  snlphurie  acid,  this  compound] 
ether  ia  readily  obtained,  as  a  colourless  or  slightly  yellowish  linnid, 
boiling  at  428%  and  of  the  density  1.18  at  50°,  the  density  of  iW, 
Tapour  being  5.42,  and  its  equivalent  CjH,0,C,,Iij08  corroaponding 
to  2  volump,«  of  vapour.     It  is  nearly  in.4olnble  in  wat«r,  but  dfa- : 
solves  readily  in  alcohol  and  ether. 

Mcthylnsalirytic  eilier  exlfltR  ready  formed  in  a  natire  esacntint  oil, 
ctlled  wintergrccn,  and  obtained  from  i\io  g/nilthfria  prccwmhtnt. 
The  oil  of  guallheria  comes  principally  from  New  Jersey,  where  the 
plant  groW8  in  great  sbundaneu.  By  distilliDgthe  oil,  there  u  di»* 
engaged,  firat  a  carbnretted  hydrogen  isomeric  with  oil  of  terpat- 
tine,  and  subseqiientlv  mothyloBalicylie  ether.* 

Methyl osalicylio  (.-tuer  ia  a  true  acid,  which  combines  with  potassa, 
forming  a  salt  which  crvstaltizea  in  pearly  spanples.  But  if  an 
excess  of  potassa  be  nsei,  particularly  when  aeeistcd  by  heat,  the 

*Tlio  latcresilKRiliiDaTerjof  tti«  anjfldikl  rcmiKtitiii  cf  ttiU  sul«UBe«,  bf  Ca-' 
tioiirt,  wu  lint  iiulinud  b^  W.  Proetor,  nt  Ptalladflfihtk.  wbe  first  prorvd  Uikl  Ite 
•tt  of  caulUiari*  baloogvd  to  tbc  hUcjUo  aiain.—J.  C.  B. 
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ether  un<li>rgoes  the  ordinary  dtcom  posit  ton  of  compouuil  others, 
and  i;j  courcrtcd  into  alcohol  and  ealicrlic  acid. 

CMoriuc  uml  brooiiuo  rt'adily  uct  ou  molhjlosalioylic  ether,  and 
jicld  chlorinated  and  brominatcd  product* : 

Monoohlorinotcd  mclUyloaalicjUc  ether C,R,0, 0^,11,010), 

Bichlorinated  "  "    C^0,C„1I,UI,0, 

Monobrominutcd  "  "   C.HjO,Ct,H,BrOp 

Bibrominated  "  "    C^,0,C„HjBr,0,. 

With  a.  hot  BolutioD  of  potossn,  these  substances  arc  dccompoacd 
into  methvlic  alcohol  and  mono  or  bichlorinated  or  'broauoated 
salicylin  acid. 

Fuming  nitric  acid  converts  mcthyloaaiicjlic  ether  into  nttrome- 
thtfhaaUryUe  ether  C,H,0,C„HjNO   )0.. 

By  intrnilncing  into  a  well-corked  bottle  1  Tolomc  of  methylo- 
salicylic  ether,  and  5  or  6  volumes  of  a  concentrated  solution  of 
ammonia,  the  ether  disappears  after  some  time,  and  by  then  era- 
porating  tho  liquid  and  diElilliDg  tlio  residue,  a  yellow  mass  is  ob* 
tatned,  which  may  be  converted  into  c-r^'etallinc  aciculec,  by  solution 
in  boiling  water.  Tlie  formnla  of  this  suLstance  ia  C„II,(NU,)Oj, 
and  it  i:)  generated  from  anhydrous  Balicylic  acid,  according  to  the 
following  equation : 

C,H,0,+NH,=C,H,(NH^O.+HO. 

This  substance,  which  hm  been  cnlkd  talicylamide,  ia  soluble  in 
foiling  water,  but  nearly  insoluble  iu  cold  water,  and  dissolve* 
readily  in  alcohol  and  ether.  It  volatilixe«  without  alteration,  and 
with  acids  regenerates  ammonia  and  salicylic  acid.  By  causing 
ammonia,  under  similar  circumstances,  to  act  on  chlorinated,  hro- 
miiuted,  or  nitric  produciti,  derivc<1  from  methylosalicyUc  ether, 
mono  and  biehlorinated,  mono  and  hihrominaUdj  and  nitrie  eallcy- 
lamide«  are  obtained. 

Lastly,  by  allowing  methylosalicylic  ether  to  fall  on  aohydrouB 
lime  or  baryta,  carbaoates  of  these  bases,  and  a  new  subetaDoe 
Cg^IIiO^  called  ajiUolty  are  formed,  the  reaction  being  expressed 
by  the  following  equation : 

C,HjO,C„H,O,+2BiiO=2(EaO,CO0+C«H,Or 

Anisolc  ia  o  colourlciu,  very  fluid  liquid,  of  an  agreeable  aromatic 
odour,  boiling  at  802°,  insoluble  in  water,  but  very  mlublo  in  alcohol 
and  ether. 

Vmotalirylk  Ether  C,lI,0,C„n,Or 
1 1&'>0.  By  distilling  a  mixture  of  2  parta  of  absolute  alcohol,  1 J 
part  of  salicylic  actd,  and  1  part  of  sulphuric  acid,  we  obtain  vino- 
Ralicylic  etlier,  which,  like  its  analogue  of  the  methylic  scries,  oom- 
bioes  with  bases.  It  also  forms  salicylamide  with  ammonia,  and 
DFodaces,  with  chlorine,  bromine,  and  nitric  acid,  chlorinated,  bro- 
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iiuaat«d,  and  nitric  cthcts,  corresponding  to  those  fl>^m(^d  hj  me- 
tliyloBalicylic  ether. 

OIL  OF  cmNAMON  AND  THE  ClKVAmQ  SERIES. 

§15^1.  Oil  of  cinnamDn  is  found  in  commerce,  b«ing  impot 
from  CeyloD  and  China.     That  from  China  is  more  esteemed, 
cause  it  bos  au  agreeable  smell,  peculiar  to  cinnatnon-bark,  irhij 
the  Co^rlon  oil  has  a  mixed  smell  of  cinoatnon  and  bed-bngs, 
its  oompositioQ  appears  to  bo  tacrc  c&mplicatcd.     By  digestii 
powdered  cinnamon-bark  with  water  fur  12  liouni,  and  tnen  aatan 
ing  the  Titer  with  B«&-6alt,  and  subjecting  the  whole  to  distiUatio 
a  milky  water  passes  over,  which  dc])08it8  an  eeaonltal  oil,  of  amc 
or  le88  roddifili  yellow,  and  roscmhling  the  cinnamou-oiU  of  coa 
mcrcc, 

Oils  of  cinnamon  appear  to  bo  mixtures  of  an  essential  oil, 
which  the  name  of  hycbruret  cf  dnnamjfl  baa  been  given, 
which  we  shall  consider  as  the  oil  of  cinnamon,  properly  so  caL. 
with  other  oils  which  have  not  yet  been  studied.     Tne  oil  of  cini] 
mou,  properly  so  called,  is  aepnratod  by  agitating  the  oil  of  cbuiai 
of  commerce  with  conocntrated  nltnc  avid,  when,  in  a  few  ha 
long  prismatic  crystals  are  formed,  which  arc  separated  and 
between  folds  of  tissue-paper.     AVater  readily  decomposes' 
and  yii'lds  an  e-ssentiul  oil  C„H,Oj.  which  is  regarded  as  pure 
of  cinnamon ;  the  water  ilicn  containing  nitric  acid.     The  crystal 
which  may  he  considered  ns  a  nitrate  of  the  oil  of  cinnamon,  pr 
sent  the  fonnulu  C„H,Oj,NO^+HO. 

Pure  oil  of  cinnamon  is  a  colourless,  oleaginous  liquid,  which 
comos  perfectly  solid  with  nitric  acid,  and  reproduces  the  erystallii 
oompmindjustmcntioned.   Itnbsurhsclilurohydricacidgn^  andfo 
a  eompoand  C,jIT,0,,IICI.     Chlorine  acts  powerfully  upon  it,  an 
if  its  action  be  exhausted  by  heat,  and  the  product  distilled  in 
current  of  chlorine,  we  obtain  white  acicular  crystals  of  qh 
chlorinated  oil  of  cinnamon  C„H^C1,0,,  called  aUo  ehlorocinnott. 

Oil  of  cinnamon  absorbs  the  oxygen  of  the  air,  and  is  courer 
into  a  peculiar  subatance  C,,H,0,,IiQ,  called  einna7nie  add, 
jnay  be  regarded  as  being  derived  from  the  oil  C„H,0„  by 
substitution  oft  enuivalcnt  of  oxygen  for  one  of  hydrogen.* 
acid  is  abo  formed  when  oil  of  cinnamon  is  treated  with  bydr 
of  potaiisa,  hydrogen  being  diAengaged ;  while,  if  the  action  of 
potassa  bu  prolonged,  benzoate  of  potasea  KO.Oi^H^O,  only  ia  fot; 
in  the  lii]uid. 

Concentrated  boiling  nitric  acid  converts  oil  of  dnnamon  into* 
of  bitter  almonds  and  into  nitrobenzoic  acid. 

*  This  ^eir  la  eertninlf  incomot,  becKiiM  ozjrgen  wilt  uot  repUee  hjdr 
rha  oil  of  cinQBinoD  limply  cbin.']  Z  cquiralciitn  of  v^jftn,  whl]«  L  v^iiiTBlMii  gf>] 
Wfttu  puta  from  it  nod  bccoiDGt  botic. —  W.  L.  /'. 
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§  1552.  Wo  have  said  that  cinnttiiiic  ncitl  ia  fonnoJ  by  tlio  oxida- 
tion of  oil  of  ciiiDamon ;  but  it  exists  alrt-ad^  formvd  lii  baJsaaut  of 
Tolii  nnd  Pom,  from  which  it  is  generntly  extracted  by  mrming  the 
the  balsam  of  Peru  into  milk  of  lime,  wliich  is  conaLauUr  stirred, 
when  the  rosins  of  the  balsam  combine  with  the  lime  and  produco 
insoluble  corapminds.  By  treating  the  whole  with  bulling  water,  the 
cinnamato  of  time  only  is  dissolved,  and  crystal lizeji  on  the  cooling 
of  tho  licjuid  ;  and  by  dccomjioaing  »  boilinj;  soliuioii  of  ciunamatc 
of  lirae  with  chlorohydric  acid,  the  cinnamio  acid  is  deposited,  on 
cooling,  in  the  form  of  pearly,  colourless  lamellie,  which  melt  at 
264,2%  and  boil  at  ubuut  570°.  The  alkaline  suid  alkalino-cnrthy 
cinnamatcs,  are  soluble  in  water,  while  the  majority  of  the  other 
metallic  cinnaniat*':*  arc  insoluble ;  and  tlicir  general  formula  is 
RO.CiaEIjOi.  when  they  conlnin  no  water  of  crystallization. 

By  causing  chlorohydric  iicid  giia  to  act  on  eiunamic  ncid  dis- 
solved in  absolnte  nlcohol  or  in  nnhvdrons  wood-spirit,  einnumie 
ethers  C.HjO,C'„HtO,  and  C,HjO,C„ft,0,  iwro  obtained. 

By  heating  X  part  of  cinnamic  with  S  parts  of  coneentratod  nitrie 
acid,  a  spongy  mass  rceutt»,  which  is  to  be  washed  with  water,  sad 
afterward  dissolved  in  boiling  alcohol.  The  alcoholic  liquid  depiv 
sits,  on  «ooUDg,  acicukr  crystals,  fusible  at  a  high  ccmpcraturc,  of 
nitrociunamic  acid  Cj,H,(N0J03,H0. 

Cinnamen  Cu,Hj. 

§1658.  When  vaponra  of  cinnamic  acid  a.ro  paned  througit  a 
glU0  tube  hcflted  to  a  duU-red,  carbonic  acid  ia  dUonngod,  with  a 
carhoretted  hydrogen,  onnamen  C,jII,„  which  condenses  in  the 
fona  of  a  coloorlees  liquid : 

Cu,H,o„no=c„n,-f2co,. 

Tho  Bamc  substance  is  obtained  by  decomposing  cinnamate  of  co{>- 
per  by  heat,  orsulje^tttig  to  dry  dietiltntion  certain  reains,  particnlarly 
ttorax,  a  kind  of  bidaam  found  in  commerce.  The  best  metliod  of 
nrepariiig  cinnamen  consists  in  mixing  ID  kilog.  of  storax  with  3J 
tcilog.  of  carbonate  of  soda,  and  distilling  the  whole  in  an  alembic 
with  a  sofficient  (|uantity  of  water,  when  a  milk^  water  passeB  over, 
which  by  resting,  parts  with  the  cinnamen,  which  floats  on  its  but- 
face.  Storax  thua  yields  rather  more  than  j^  of  ita  weight  of  cin- 
namen ;  and  the  oil  obtained  is  left  for  some  time  on  chloride  of 
calciam,  and  then  distilled. 

Cinnamen  is  a  colourless  li'iuid,  of  a  penetrating  odour,  of  the 
denflity  0.95  at  82%  and  boiling  at  294.8°.  When  heated  to  390* 
in  a  glass  tube  hermetically  closed,  it  is  converted  into  an  isomeric 
sabatance,  metacinnamen,  which  'n  solid,  and  insolnble  in  water,  «1> 
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cobol,  and  ether.     Heated  to  distillaj 
pu8C6  into  the  Btntc  of  cinniuncn. 

Chlorine,  when  coM,  reacts  opno  ciitm 
a  viscoos  fluid,  nf  the  formula  C„n,CI„ 
C,tII}Cl,nCl.  Distilled  over  quickUme,  a 
solution  of  pota»sa,  this  coiiipoand  yich 
men  CjalT-Cl.  Monobrominaled  ciimai 
t&ined,  as  well  as  itu  brumuL^'drate  C,„II 

JSaitanu  of  Per. 

f  1554.  Two  gpecics  of  lalsBin  of  Per 
a  liquid  balsam,  vhich  alone  has  been  pr 
and  nearly  black  lalsnm,  which  appcajs 
first.  BiUciam  of  Pera  is  dissolved  in  a 
coholic  eolutiun  of  iiotiiBsa  added,  when 
balsam  combiuea  Tvith  the  potas»a,  vithi 
nearly  insoluble  in  vater,  whil^  the  cinn 
in  solution.  B7  dilating  the  alcoholic  li^ 
mate  of  potassa  remains  in  9olutinu,  vhi 
retaining  a  small  quantity  of  resin.  T 
naphtha,  which  leave!)  the  resin,  and  disflO 
is  cooled  in  a  refrigerating  mixture,  and 
oqnallj  cold.  An  oily  portion,  which 
tracted,  and  the  residue  \a  diHsolvcd  in  b 
sitfi  a  cryHtallinc  mibstanre,  metadimcani 

Metacinnamem  is  a  solid,  very  fusil 
water,  but  readily  svluble  in  alcohol  and 
cinnuinun,  and  belnj;  changed  hy  hydrat) 
acid,  with  diecngagGnicnt  oiF  hjiirof;en. 

Cinnamt'in  is  a  li(]uid,  which  does  not 
and  a  concentrated  solution  of  pota^ea  d 
contact,  into  ciiuiamic  acid  and  a  new  oi] 
ter,  called  peruvm  C„Hj,0,.  The  compi 
sponds  to  the  formula  C^^U^O^  and  it 
equivalenUi  of  fiahydrous  cinnauiie  acid, 
Tin,  according  tu  toe  equation 

Bil.iam  of  Pom  may  therefore  be  cons 
ineiii,  Dietacimiamem,  cinnamic  acid,  and 

Baham  of  Tola 

§  1555.  Balwitn  of  Tolu  ie  composed  of 
a  carburetted  hydrogen,  isomeric  with  oil 
tolm.  This  balgam,  heated  with  a  sol 
yields  benzoic  acid,  whicli  is  probably  for 
reaiu.    Tolcn  is  a  colourless  liquid,  fjoilin 


M 


OOOMARIN. 


661 


COCNARIK  c„n.o.- 

§  1566.  The  Dame  of  coumarin  has  been  given  to  ft  crjstalliiie 
odoriferous  itubitt&nce  extracted  from  the  Tonka,  bean,  but  wbiob 
appears  to  exist  in  the  flowers  of  several  plants :  tbas,  ice  existence 
has  been  detected  in  the  flowern  of  tbe  melitot,  and  tlie  sweet  \<ooil- 
rufF,  culled  waUmmter  bj  the  Germans,  who  use  it  in  the  prepara- 
tion of  nn  ngrecablo  beverage,  called  maitranh.  Coumarin  ia  prc> 
pared  by  dif^psting  bruised  Tonka,  heana  with  alcohol  at  96.8°,  when 
the  alcoholic  liquor,  subjected  to  distillation,  yields  a  synipj  resi- 
due, which,  on  cooling,  sets  into  a  crystalline  mas».  This  is  dis- 
eolved  in  boiling  water,  and  the  liquid  being  discoloured  by  nnitnal 
btsdc,  the  coumarin  separates  in  white  crystalline  aciculie  during 
the  cooling. 

Conmann  melts  at  122%  and  boils  nt  51$%  without  any  change, 
and  its  smell  in  agreeably  aromatic,  while  its  vapours  exert  a  pow- 
erftd  action  on  the  brain.  It  diiisolvefl  freely  in  boiling  water,  bui 
is  almost  wholly  deposited  from  it  on  cooling.  It  dissolves  in  cold 
monnhydrated  nitric  acid,  with  evolution  of  heat;  and  if  the  liquid 
be  then  diluted  with  water,  a  ehceay  precipitate  ia  formed,  which 
diaaolves  in  boiling  alcohol,  and  Rcp.irati'S  Hgiiin,  on  cooling,  in  small 
eiTstalline  aciculse.  It  is  nitroeonmarin  CnHj(NO,)0„  melting 
at  888%  and  then  subliming  without  alwration  in  white  and  pearly 
cryataU-  If  the  action  of  the  nitric  acid  bo  prolonged,  the  couma- 
rin is  converted  into  trinitTephenic  acid  Cjllj(iiO^Og,U-0,  which 
shall  hereafter  be  described. 

Coumarin  dieeolves  ia  u  weak  eolutiun  of  potassa,  and  ia  preoi* 
pitatod  from  it  without  chongo  when  the  a,lkali  ia  saturated  with  an 
acid ;  while,  if  tti<!  solution  ia  cunctutrutL-d,  attd  it  h«  boiled,  adding 
«omc  pieces  of  hydrate  of  potasga,  eotttvaria  acid  C,,,lI,0„riO  is 
fonncd;  and  if  thu  temperature  be  greatly  raised,  hydrogen  is  dis- 
engaged and  salicylic  acid  formed  at  the  same  time.  The  alkaline 
•ubstancc,  treated  with  water,  and  then  supersaturated  with  chloro- 
hydric  acid,  deposits  coamaric  acid,  which  is  washed  with  cold  wa- 
ter, to  dissolve  the  salicylic  acid  which  may  have  been  precipitated 
with  it,  and  then  diasolvt-d  in  aitimotiia,  which  leaves  ihe  coumarine 
nnduDged.  The  ammoniacal  liquid  is  boiled  to  drive  off  the  c:ceea 
of  ammonia,  when  nitrate  of  silver  in  added,  effecting  a  precipitate 
of  coumarate  of  silver,  which,  with  cblorohydric  acid,  yiolds  free 
coomanc  acid,  removable  by  means  of  ether. 

Cnumaric  add  ia  a  white  crystalline  substance,  very  aolnblo  in 
^ohol  and  ether,  dissolving  freely  iu  boiling,  but  nearly  insoluble  in 
cold  water,  and  melting  at  about  374°.  The  general  formula  of 
Ifceoonmarates  m  RO.O|,HtO„  fr«m  which  it  wHl  be  seen  that  an- 
hydroiui  eoumaric  acid  only  differs  from  coumarin  by  the  addition 
of  1  couivalcnt  of  water. 

Vol.  U.— 3  S 
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OIL  OF  A»SE£P,  AND  THE  AfilSlC  EERIES. 

§  I06T.  By  distilling  aniseed  witli  wnter,  a  sliglitljyellowisln 
tini  oil  16  obtiiinedfpocMMing  the  ebaraot eristic  ndniir  of  thcseed^and' 
which,  nt  n  low  tomperftturc,  consolidiites  ivlmoet  wholly  into  a  crys- 
talline maas.     Tliis  mass  is  pressed  between  tissuc-pmper,  when  a, 
liquid  portion,  of  wbicb  tlic  n&tur«  la  not  yet  koown,  scparstcs ;  ondj 
it  is  rcdissolvc^d  ia  ftlcohol,  which  deposits,  on  evnporation,  wLil« ! 
cnnstallinc  lamcllm,  fmibic  nt  64.4°,  and  boiling  at  about  43S^ 
Tuts  Hubst&Dce  is  called  eonrretf  oU  c/aniteed.,  and  its  formula 
ia  C-U„Op     When  made  liquid  by  heat,  it  rotates  to  the  left. 

Ou  of  antsecd  absorbs  chloroliydric  gas  ond  forms  a  coniponod 
C,gH„0«2HCl ;  while  chlorine  acts  upon  it  and  prodaees  comj 
dcrtriKl  uy  substitution :  thus, 

A  trichlorinated  oil Ca^HjCljOj 

And  a  qnadriclilorinated  oil CjoH^CI^O, 

have  been  eeparated. 

With  bromine,  a  tritirominnted  oil  CjoH^BrjO},  aod,  with 
acid,  the  binitric  oil  C„U„,(N0,),03,  have  been  obtained. 

When  ott  of  aniseed  id  heated  with  dilute  nitric  acid,  a  rcddieh  oil 
falls  to  the  bottom  of  t}io  acid  liquid,  by  dietilling  which,  afufj 
baring  washed  tt  with  water,  two  sabstaaccs  ore  colk'cted; 
being  crrst&lline,  and  a  new  acid,  called  aniaic  C,,IIfO„I10; 
the  other  liquid,  and  consisting  of  a  nentral  substaocA  Cfjifid 
to  which  the  na.nie  of  hydrxtret  o/aniitf/Ie  has  been  given.  It  wiF 
be  seen  that  aiiiaic  acid  may  be  con&idercd  as  resulting  from 
substitution  of  1  equiv.  of  oxygen  for  1  cquiv.  of  hydrogen,*  in  tl 
molecule  of  hydruret  of  anisyl,  and  there  exists,  therefore,  betwe 
these  two  subfltancrm  the  same  relation  as  between  oil  of  bitt< 
almonds  C„H^Oj  and  benzoic  acid  C„H^Ox,HO. 

The  mixture  of  the  two  snbstancea  is  treated  with  a  weak  mIu 
of  potawui,  which  dissolvcH  the  anisic  ncid,  when  tlio  bydrvret 
anisyl  is  distilled  in  a  current  of  carbonic  acid  gas. 

llydniret  of  aiiL*yl  'at  a  colourless  gas,  which  absorbs  the  oxTgen 
of  the  air,  and  id  converted  into  anisic  acid.     Chlorine  ads  upon  ~ 
and  yielda  a  monochlonuated  product  C„!I,C10^.     When  hyorn 
atiiayl  ii«  dropped  on  molted  caoattcpotaesa,  hydrogen  13  diseugaj 
and  anisic  acid  formed. 

Aniaic  nctd  erystnllizcs  in  white  inodorotu  ncedleg,  which  melt 
347°,  and  v<j)atilizt;  without  chance,  and  it  disaolvcs  readily  tn  boil- 
ing water,  alcohol,  and  ether.     The  general  fortnuhi  of  tte  salts  '" 

Chlorine  and  bromine  form  chlorinated  and  brominated  aniut 
adis,  while  nitrio  acid  Forma  first  a  nitranuic  acid  Cul  i^NO  J0j,H0i 


*  The  hydmrct  of  nnitjl  lake*  up  2  vituir.  of  oijgcn  and  Iosh  I  vqinr.  < 
Wottr,  wUcK  b«6aiD«i  b«»ic  with  tli«  »ei4  fointd. —  tt'.  L.  f. 
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and  then,  if  a  mbttiir«  of  fuming  nitric  and  concentrated  enl- 
pliiuric  Bcid  be  made  to  act  upon  it,  it  forms  trinitraniatc  acid 
C„H,(NOJ,0.,HO.  Anisic  acid  fields  anitoU  C„H,0,  by  dietilia- 
tion  witli  caustic  baryta : 

C„HTOj.HO+2BttO=-2(BaO,CO,)+C»HgO,. 

Aniten  or  Bensoen  C„Hg- 

1 1558.  Those  names  have  been  given  to  a  carburcttcd  hydrogen 
CuHg,  which  is  to  anisic  acid  C„lI,Oj,HO  what  beniin  CuH,  ia  to 
benioic  acid  0,^11^0^,110.  It  is  prepared  by  distiUing  t)ie  re^in  of 
balsain  of  tolu,  and  ceilectitig  tiic  oil,  which  is  again  disiiiled  at  a 
tempeniture  not  exceedini^  284";  the  diKtillcd  portion  being  recti- 
fied ecrcrol  times  over  caustic  potasaa,  and  dried  over  chloride  of 
calcium.  Ic  ta  a  very  fluid,  colourless  liquid,  boiling  at  226.4°,  and 
its  density  18  0.87  at  6<1.4'';  while  that  of  its  vapour  is  S.26,  ite 
equivalent  C,.Hg  corresponding  therefore  to  4  volumes  of  vapour. 

Chlorine  act*  readily  upon  anison,  and  jriolds 

»MonochWiiitatcd  anisen C„HfCI, 
Trichlorinatcd           "      Ci,H,CIj, 
Sosquiohlorinated     "      C„H,CI,, 
u  well  as  the  following  eompounda,  -which  these  substances  form 
with  cMorohvdiic  acid :  C,,IlaClyHCI,    C„HjC1^2HCl,    Ci.H.Clj, 

tSUCi. 
S  15o!).  Nitric  acid  producea  nilraniaen  C,|11;(N0J  and  Uni- 
traniten  C„H,(NO,)j.  Nitranisen  yields,  with  siilfhydrate  of  am- 
niouiaf  an  alkaloid  C,JTgN  which  is  called  taluidin;  the  reaction 
being  anologows  to  that  which  forms  anilin  with  nitrobcniin,  {§  1638,) 
according  to  the  oqaation 

C„HXNOJ+6(NH„2HS)=C„II^+6S+4HO+6(NHpHS). 

^H      Jlitranieeu  must  be  dissolved  in  alcohol,  and  ammonia  and  aulf- 

^^uadrio  gad  he  successively  passed  through  the  li'juid,  which,  afl«r 

^^Sahg  left  for  some  da.y8  to  ittii-lf,  and  then  gently  heated,  h  again 

subjected  to  the  succcs^7e  action  of  ammeoiu!*!  and  gulf  hydric  gas, 

I  ana  is  finally  saturated  with  chlorohydric  acid,  and  evaporated  to 
one-third,  when  the  residue  is  diatillcd  with  caustic  potassa.  The 
tolttidin  condenses  iu  the  receiver  in  the  form  of  a  colourleaa  oil, 
which,  on  cooling,  sets  into  a  crystnUlne  mass.  In  order  to  puriiy 
it,  oxalic  acid  is  iidded.  and  it  is  treated  with  alcohol,  which  dissolrca 
the  oxalate  of  toluidin,  and  leaven  the  oxalate  of  ammonia.  Oxa- 
late of  toluidin  a  decomposed  by  caustic  potassa,  and  the  isolated 
toluidin  coagulatca  in  a  crystalline  crust  on  the  surface  of  tlie 
liquid. 
H      Toluidin  melts  at  104^  and  boils  at  about  390",  and  its  salts 

^V  crystallite  readily;  their  general  formula  being  (CuEfKtHUjA. 

L      ^^_ 


t 


OIL  OF  CUMIN  ASD  THE  CfMISIC  SERIES. 

S 1560.  Cui&m  Kci,"  distilled  irtth  water,  yields  aa  esMatbl  oQ 
composed  of  carW«tt#d  hjdrogen  C„ir,^  <y)ii«i,  and  ftDotiitr 
voUtilfi  oil  C,b11,jO,,  called  ^itmrnwe.  Vihen  oil  of  cumin  is  again 
dLstilled,  the  cymcn  passes  orer  first,  at  about  S92*,  which  tempera- 
tore  iH  maintiiinod  so  long  iw  any  thing  pa«tsee  over,  wbcu  the  re- 
ceircr  its  choniixi  and  the  t4>niperataro  raised  hy  pasiung  a  cturcol 
of  carlionic  acid  gas  through  tlie  retort:  the  cnmmole  then  distils. 

Caminolc  is  a  colourless  li(}iiid,  h3%-inj;  the  smell  of  cumin,  and  u 
acrid  and  homing  taste,  and  it  boiln  at  42B° ;  tho  density  of  iu  vapoar 
bting  6.24,  and  its  equivalent  Cx,U|jO.  being  represented  hy  4 
Tolomes  of  Tapoar.  It  rapidly  uhaorhs  toe  oxygen  of  the  air,  and 
ia  oonverted  into  eumimc  acid  C„H„Oj,nO,  v^ch  transfonnatioB  h 
readily  undergoes  when  boiled  with  a  concentrated  solution  oFpotuoii 
or  when  dropjted  iuto  melted  hydrate  of  potossa;  hydrogen  heuu 
disengaged  in  the  latter  cooc.  Oxidizing  rea^enta,  such  ac  oitlH 
acid,  chlorine  in  the  presence  of  water,  chromic  acid,  etc.,  abo  0(i» 
Tort  cnminole  into  cuminic  ai^d. 

Chlorine  acts  on  ctuuinolo  when  exposed  to  difTnsed  light,  ai4 
produces  tiiQHOchiorinated  cuminoU  C^„CIO, ;  while  brotoioQ  fonV 
moQobrominated  cutiunole  C^U^BrO,. 

Ouminh  Acid  C»n„0„HO. 

§  1561.  This  acid  is  generally  piopurcd  by  melting  hydrate  of 
potH.isa  in  a  retort  having  n  pointed  tube  fitted  to  it«  tubularo,  thniiglL 
which  the  crude  oil  of  cumtn  drops;  when  the  cymcn  ia  not  acted 
on,  and  distilfl  without  change,  while  the  cuminolo  is  dccompoeed  br 
contact  with  tho  alkali,  beiug  conTcrted  into  cuminic  actd,  whtu 
remains  combined  with  the  potussa.  The  alkaline  man  being  dis> 
solved  in  water,  and  heated  to  ebullitioo,  an  excess  of  chlorobydrie 
acid  18  added,  which  precipit3.te8  the  cuminic  acid  in  flakes ;  and  the 
latter,  Tedissolved  in  alcohol,  are  transformed  into  beAUtifol  prisma- 
tic tablets. 

Caminic  acid  melts  at  a  few  degrees  above  212',  and  boils  at 
about  500^,  miblimtng  without  alteration  in  crystalline  acicube. 
Hot  water  dJH^olves  it  slightly,  and  dcpoHitH  it  pntiri>ly  on  cooling, 
while  it  disMlvos  freely  in  alcohol  and  ether.  The  general  formma 
of  the  cominatea  is 

BO,C»H„0,- 


§  1562.  We  have  described  (§  1560)  the  beat  method  of 
ing  cymen  from  crude  oil  of  comiii.     It  is  a  colourlees  liqmd, 
an  agreeable  odour,  resembling  that  of  lemon ;  it  boiU  ut  iJ4 1  °,  and 
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Uie  density  of  tts  vapour  is  4.64,  it«  eqaivalent  being  repreftentod 
by  4  volumes  of  vapour.  Nordhauscn  sulphuric  acid  dissolres  it, 
and  producL-a  a  compound  acid  CpjlI|ySjO,,llO  which  forms  a  solu- 
ble salt  with  btirjta. 

ESSENTUL  Oa  OF  CLOVES,  ASD  THE  ECOENIC  EKRIES. 

§  15133.  Cloves  and  Jamaica  pimento  yield,  by  dlatillation  with 
water,  a  yellowish  essential  oil  of  a  complicated  charncter,  for  four  dis- 
tinct flubatanooa  have  already  been  ttppuruted  from  it :  a  carbaruetted 
hydroKOit  iaomoric  with  oi!  of  terpentine;  nn  oxygenated  eAttential 
oil  C„1I„0^H0,  called  euiienie  aeid,  because  it  poeseeaeaacid  prooer- 
tiee ;  and  two  neutral  cryHtiiUine  subBtancea,  eugeninaaAearxophyUixu 

Water  which  \ym  b«en  distilled  over  cloven  ^-udually  depoiuts  a 
aabetancc  crystuUtzod  in  pearly  spaugloa,  conaiating  of  cugonin 
C^H„0„  isomeric  with  eugenic  acid. 

Crude  oil  of  cloves  deposits,  after  some  time,  fine  colourlcu  aci- 
cul«  of  curiophyllia  C„H„Oj,  isomeric  with  thu  camphor  from  the 
family  of  tho  laurels. 

If  crude  oil  of  doves  he  mixed  with  &  conccDtrated  sotution  of 
potasia,  o  crvBtnliine  mass,  of  the  eonRislenoo  of  butter,  is  formed, 
wbi(^  is  sepiirated  and  distilled  with  water,  when  the  oil,  isomeric 
with  terpentine  alone,  posses  over,  while  the  eugenic  acid  remains 
ill  the  residue  in  the  state  of  eugenate  of  potaesu.  The  residtw  is 
treated  with  chlorohydric  acid,  which  Heparates  the  eugenic  acid 
from  it  in  llio  form  of  u  coluurlcas,  ulcuginouu  liquid,  boiling  at  473% 
which  is  distilled  in  a  cun-eut  of  ca.rhotjic  a,cid  gas. 

Eugenic  acid  absorbs  the  oxygen  of  the  air,  and  is  converted  into 
a  resinous  substance.  It  form!)  crystal lizablo  suits  with  potassa, 
soda,  and  limo,  of  the  general  formula  R0,CajH„O,. 

OIL  OP  POTATO -SPtaiT,"  OR  AMYLIC  ALCOHOL  C,.H.,0.. 

§1564.  This  oil  is  obtained  Then,  in  the  mnnnfacturc  of  alcohoi, 
the  Uquors  resulting  from  the  aetiou  of  ferment  on  the  feculauf  the 
potato  arc  distilled;  and  it  is  also  formed  in  the  distillation  of  cer- 
tain, alcoholic  products  ohtainod  in  the  ffruieiitulioa  of  Iht*  i-i-realia 
or  of  grapes;  the  oil,  therefore,  constantly  accompanyiD;;  the  pro- 
ducts of  aicohoUc  fcrmetitatioQ.  Toward  the  closo  of  tuti  diittilhiiion 
of  brandy  from  fcculs,  the  largest  proportion  of  the  oil  if  obiftinc<l, 
when  a  milky  water  passed  over,  on  the  surface  of  which,  afttx  rest- 
ing for  some  time,  the  oil  floats.  The  composition  of  thi-i  oil  is  vexj 
complicated,  and  when  distilled,  it  begins  to  boil  at  about  186% 
while  its  hoiling  point  rises  to  2i>9.6%  at  which  it  remains  for  some 
time;  the  last  product,  which  is  collected  separately,  being  almost 
wholly  composed  of  the  ciisential  oil  rociaired.  It  is  purified  by 
several  rectifications,  and  the  oil  which  boila  exactly  at  26U.6°  abonlQ 
alone  be  regarded  as  pure. 
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OO  of  polato-epirit  is  nn  oily,  coloarleite  liquid,  of  a  strong  u^ 
disafreeiible  odour  and  an  acrid  kod  burning  taste.  Its  density  ftt 
oO"*  IS  0.818,-wliile  that  of  iw  vapour  Li  3.15,  its  ejiuivalcnt  C^gU, 
corresponding  to  4  volumes.  At  —  4.0°  it  solidifies  ia  cryeU 
leaflets;  and  it  Gtains  paper  like  the  essential  oils,  but  the 
■{uicklT  diiiappctirs,  bvciiUHC  (tie  oil  volatilizes.  Oil  of  potato-spi 
does  not  igmte  at  the  approach  of  a  burning  mthfitance^  unless  il 
bo  at  a  temperature  of  120°  or  140°,  its  vapour  eapportinj;  coot- 
bustion  only  at  that  degree.  It  is  not  sensibly  noluble  in  water,  but 
dissolves  in  all  proportions  in  alcohol  and  other.  Oil  of  potato 
spirit  Folates  tovrard  the  left. 

A  larffc  number  of  couipounde  is  derived  from  the  oil,  bo  analiv 
goBB  to  those  obtained  by  means  of  alcohol  and  wood-apirit,  thai 
ehcmistii  hu-ve  not  hei^iUtted  to  regard  this  oil  as  a  true  aU-obol,  to 
nhich  they  bavc  given  the  name  of  amjfUc  alcohol.  In  our  mibse^j 
quent  investigation  of  these  coinpoucds,  wo  shall  follow  the  sama 
order  as  in  those  of  the  linic  and  mcthylie  compounda,  since  th»r 
analogy  will  be  thus  more  easily  understood. 

Aelii)7i  of  Suipharic  Acid  on  Amylio  AUxihoi, 

$1565.  By  shaking  together  equal  part»  of  oil  of  potato-epirtt 
and  concentrated  sulphuric  acid,  a  brovu  Honor  is  formed,  vnicli,| 
when  Mtnrated  with  carbonate  of  baryta,  yields  enlphato  of  bai 
and  &  soluble  ealt  of  barytn,  the  solatioii  of  which  Js  blcttdied 
nuininl  bliick.     The  li()nor,  when  cvnpnrated  at  n  f^entle  heat,  yieti 
email  cryatalliue  lameltic  of  tulyhamt/late  of  baryta-,  of  the  for 
BaO,(C,„H„0,2SO,)+3nO,  which  is  decomposed  at  the 
point.      Its  solution,  when  decomposed  by  sulphate  of  | 
yields,  after  evaporation  and  dedication  in  racoo,  a  crystatline 
due  of  sulphami/tate  cf  pota»m  K0,(C,^,,0,2S0,j.     If,  on  thsj 
contrary,  the  1)aryta  be  precipitated  by  sulphuric  add  added  drop>] 
wise,  a  Relation  of  free  milphnmylie  acid  is  obtained,  which,  boin 
log  reailily,  dccompoi^PA  into  sulphuric  acid  and  anivlic  alcflbolj 
C,„H,,0,  T  C,,H,,0,HO.  '  f 

§  IMij.  If  an  excess  of  concentrated  sulphuric  acid  be  madetoJ 
act  on  amylic  alcohol,  and  it  be  boated  to  boiling,  wo  obtain  a  ear*J 
burcttod  hydrogen  C,(,lI,o.  called  amyUn,  which  ia  to  nmylic  alco-J 
ho!  Cii,!I,|0,H{)  what  obfiant  gas  C^H^  is  to  rinie  alcohol  C,H,0,! 
HO.  All  reagents  which  abstract  water  from  vinic  alcohol  modifl 
amylic  alcohol  in  an  a.iia]og<>un  manner  :  tha!i  both  concentrated  am 
anhydrous  phosphoric  acid,  Quoboric  and  fluosilicic  giKM,  and  J 
ride  of  nhic  pryilucc  the  same  effect  as  concentrated  sulphurisi 
Aa  the  chloride  of  zinc  effecte  the  neatest  deccmpoaitioD,  it  is  geiif 
rally  used  in  the  preparation  of  pure  amyleu.  Araylic  alcohol  i 
heated  in  n  retort,  with  a  solution  of  chloride  of  einc  marking  70*| 
on  the  hydrcimettr,  the  retort  being  frequently  shaken  while  the  tem»l 
peraturo  rises:  when  the  oil  is  finally  wholly  dissolml,  diitjllatioaj 
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may  be  begun.  Ttio  liquid,  vhcn  distilled,  is  ag&in  rectified  ia  a 
tubulated  retort  furuubed  with  a  tbermometer^  uid  onljr  tbe  most 
ToLftttle  part  is  collected.  * 

AniylcD  thus  ubtiiined  ia  a  colourlees,  very  fiuid  llqulil,  boiling 
at  102.2'',  and  tbc  density  of  its  vapour  being  2.45,  itu  equivalent 
C,(,n,|,  corrwpoutls  to  4  Yolumt's  of  vapour,  lik«  that  of  olefiani  gas. 

Amyka  caa  form  two  isomeric  products:  paramifUn  C^il^;  and 
_  damylen,  of  which  the  formula  is  Cj^Ii,,  or  C^H,^  Tbose  two  pro- 
ducts senerallv  nrii^o  at  the  same  time  lie  the  amylcn,  and  are  found 
in  theloBi  products  of  dislillation  ;  but  they  may  be  obtained  directly 
by  distilling  amylen  nitb  chlorido  of  sino  several  timcH  succo^Hively. 
Paramylen  boils  at  about  '620°,  and  the  density  of  ita  vapour  is 
double  that  of  amylen  ;  for  wbiub  reason  iui  formula  has  been  writ- 
ten C^Ijg.  Mctamylea  diatila  only  at  570°;  but  it  probably  baa 
not  yet  been  obtained  in  a  state  of  purity. 

§1667.  Amylic  ether  C,oll,]0  hu  not  yet  been  prepared  by  the 
action  of  sulphuric  acid  on  umyllc  alcohol :  but  It  has  been  obtained 
by  causing  an  alcoholic  solution  of  potn»sa  to  act  on  amyloehloro- 
liydric  eilier  C,„H„CL  of  wLicb  wc  sball  speak  preaciilly.  It  is  a 
colourless  liquid,  of  an  agreeable  odour,  and  boiUng  at  230°. 

Comp€-and  Arnyh'c  Etliert,  and  Compound  Ami/lie  Aeidf. 

11568.  An  yet  we  arc  acquainted  neither  with  amy/ojruf/i&urft? 
tther  C,oH,,0,SO„  nor  with  amvlonitric  ether  C,„H„0,N()3;  wbilo 
an  atnylonkrotui  etlter  C,oU,,0,NO,  is  producoil  by  collecting  in 
amylie  alcohol  the  nitrons  vapours  whieb  are  dl>ieDgn};ed  when 
starch  is  treated  with  nitric  acid.  By  diHtiLlation,  the  amylnnitrons 
ether  separates  in  the  form  of  a  pale,  yellow  liquid,  wbieh  a  to  be 
vaabcd  several  times  with  water,  and  then  with  a  weak  solution  of 
potassa ;  after  whieh  it  is  dried  over  chloride  of  calcium  and  redis- 
tilled. It  boils  at  204.8",  and  the  density  of  its  vapour  is  4.08,  so 
that  its  equivalent  G|oH|,0,NOj  corresponds  to  4  volumes  of  vapour, 
like  the  corresponding  product  of  the  vinic  Bcries*.  The  same  ether 
is  formed  when  nitric  acid  is  made  to  act  on  atnylic  alcohol ;  but  it 
is  then  mixed  with  various  products  of  oxidation,  particularly  with 
Talerianic  acid  and  methylic  alilehydo. 

By  causing  boracie  acid,  melted  and  reduced  to  an  impalpable 
powder,  to  act  oa  amylic  alcohol,  exactly  under  tbe  orcumstancee 
which  have  been  described  for  alcohol,  (§  1248,)  there  remains  a 
rwidue  of  amyhhiboracie  ether  C,oU,iO,2BOj,  solid  at  a  low  tem- 
perature, but  assuming  at  abnut  248°  a  viscous  oonsistence  resem- 
bling that  of  fused  ghss.  Thid  substotico  resists  a  temperature  of 
&7U^  without  dccompoaition,  burns  with  a  grvvu  fhunc,  aud  is  decom- 
poied  by  water. 

If  chloride  of  boron  bo  taado  to  aol  on  amylic  alcohol,  an  oily 
liquid  is  obtained,  which  boils  vithoat  change  at  about  527",  and 
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conftlste  of  triamiflhoracie  eiker  8C,uII„0,BQj.     The  densitj  of  its 
v&potir  U  10.^5. 

uy  droppiiig  smjHc  alcotio!  into  chloride  of  BDiciiim,  ghsking  tb« 
mixture  fro((UL'iitlj?,  then  dietDling  it  nnd  coUecting  only  the  prwdort 
wbicli  pa«30»  over  at  from  608"  to  640',  a  liquid  is  obtFiini'<l,  vl)i«h 
k  to  be  purifiml  by  Beveral  disiillanonB,  and  which  congisw  of  tritt' 
mghiSicie  Mher  -1C|„H,|0,SiOj.     Water  decompo&eB  it  slowly. 

Amifiaeetic  ether  iiCiolInOjCiIIjO]  i»  obt^ncd  by  distilliDg  1  pari 
of  funylio  alcohol,  2  pnrts  of  ucietate  of  potasgu,  and  1  ptirt  of  con- 
ceBtrftt«d  sulphuric  acid,  tbo  product  bcug  VMhod  with  an  alkaline 
solution,  dried  over  chloride  of  calcium,  and  rectified  a  last  tiue 
over  litharge.  It  is  n  colourless,  limpid  liquid,  of  ad  aromatic 
odour,*  boiliiig  at  2.!i7°,  aud  the  deuaiiy  of  its  vapour  being  4.46, 
its  eqtiiTnlent  corrcspon'U  to  4  Tolumw  of  vapour,  like  tho  oorw- 
Bponiliag  ethers  of  the  riiiic  and  mcthytic  series. 

Oxalic  acid  forms  two  compounds  with  amylio  aleohol,  corrcspoDd- 
iag  to  those  which  it  produces  with  vinic  and  mcthylio  alcohols, 
when  ainylic  alcohol  is  heat«d  with  oxalic  acid,  a  liquor  is  obtain«4, 
wbicb,  when  suturutod  with  carbonate  of  lime,  yields  a  Boluble  salt 
of  lime^  the  ami/loralatr.  of  lime,  of  which  the  formula  of  the  en*- 
tale  19  CiiO.{Ci^H|,0,iiCjO,)+2nO ;  and  a  great  number  of  other 
amyloxalatcs  may  be  obtaiRed  hy  double  deccmposition,  by  meant 
of  this  salt. 

If,  on  the  contrary,  the  mixture  of  amylic  alcohol  and  oxalic  acid 
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be  distilled,  a  liqiud  is  obtained,  boiling  at  ^W,  and  called  amytff- 
aUc  ether  C,olI„0,C,Oj,  which  rotatco  towanl  the  right,  in  an  omio- 
Bite  direction  to  that  of  amylic  alcohol.  This  lir|uid,  treated  with 
aa  aqueous  solution  of  ammonia,  yields  oxanii<ie  ;  while  if  amme- 
niaeal  gas  bo  passed  through  a  Bolution  of  amyloxaiic  elher  in  abM- 
lute  alcohol,  a  Uquid  is  obtained  wliich  deposits,  on  eTaporatioB, 
crystals  of  amyloxamtc  ether  C,„HnO,(C,OjNHj). 

Simple  Mhera  of  the  Amtflic  Serie*. 

•  J1560,  Wo  have  described  (§1567)  the  mode  of  preparing 
■nylio  ctlier  C,jH„0.  Amylochlorokydrk  ether  C,„Hi,CT 
taincd  bv  distilling  equal  parts  of  perehlorido  of  phospliortu 
stoylic  alcohol,  when  the  product  ia  washed  with  alkaline  water 
dried  over  chloride  of  calcium.  The  same  sobstazioe  is  also  obtained 
by  caufling  chlorohydric  acid  to  act.  for  a  long  time,  on  the  _ 
alcohol ;  the  liquid  separating  into  3  layers,  of  which  the  upper 
contains  tho  amylochlorobydric  ether.  It  is  a  colourless  liqtiid,  of 
an  aromatic  odour,  boiling  at  2I5.(>°,  and  its  equivaleQt  correspoRds 
to  4  Tolomes.     Cblortue  acts  on  it,  and  when  its  action  is  exhausted, 

*  Tb«  odour  af  AipjrlaMtiii  M^vr  eloMljr  reMmblM  ttitt  «C  (Ji*  banana,  and  it  Is 
will)  ihb  lubitBOce  Uiac  tha  favimrllo  kciduUtcd  tMuuma-iliop*  ar«  ftaToiir«d.— 
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by  expoffore  to  the  rays  of  the  sun,  a  chlorinated  protluct,  of  tho 
formula  C|„HjC],,  is  obtained. 

By  causiug  16  parts  of  amjrlic  alcohol,  8  parts  of  iodine,  and  1 
of  phosphorus  to  r^ct  at  a  gentle  heat,  and  then  litHtiUing  the  mix- 
ture, wo  obtain  a  liquid,  which  is  to  be  purified  by  several  washings, 
dryiog  over  chloride  of  calciuoij  uiid  rcdiBtillation.  It  is  amyliado- 
hydric  ether  C,,„H|,I. 

By  distilliug  a  concenlraicd  solution  of  8ii]phamyUte  of  lime  and 
cyanide  oi yaHaAxam^amylocfjanohydric  «(Affr  C,|,ll,,Cy  is  obtained; 
aad  chlorohydrate  of  uuiylen  heated  with  au  ulcuholic  solution  of 
monoftulphtdo  of  potnsflium  produces  amyloiulfhydrie  ether  C,oU„St 
a  coloiirleafl  liquid,  of  a  very  disagreeabti'  odour,  and  boiling  at 
40"2.8°.     ItB  equivalent  is  represented  by  2  voluniea  of  vapour. 

Sulphamj/lie  aicofiol  orumj/lie  meri.':ap<an  C,„H],S,BS  is  obiainctl 
bo  distilling  atnylochlorohydric  ether  C,„n,,CI  with  an  nlcoholic 
solution  of  bulf  hydrate  of  sulphide  of  polasnium.  It  is  an  oloagiuuus, 
colourleniH  liquid,  of  an  alliaceous  smell ',  a.ad  it  boilH  at  242.6°,  while 
its  density  at  'S9.S^  is  0.825.  la  contact  with  oiide  of  taeroary  it 
yields  galphamifiomercuric  alcohol  CjjH„S,Hg,S. 

Produett  of  the  Oxidation  of  Amtflic  Alcohol. 

§  Iti70.  When  omylic  alcohol  is  subjected  to  oxidizing  agencies,  it 
is  converted  iuto  au  acid  C,(,H,Oj,HO,  caJled  ami/lie,  identical  with 
an  acid  extract  of  the  valerian  root,  and  called  valerianic  acid. 
This  acid  is  to  amylio  alcohol  C,^H,,0,EIO  what  acetic  ncid  C^ILO- 
110  ifi  to  rinie  alcohol  C.IIjO.IlO,  and  what  formic  acid  G,IIOj,H0 
is  to  metbrlic  alcohol  CjHjOjHO.  An  intermediate  product,  amylic 
aldehyde  0,^,qOs,  corresponding  to  tlio  aldchTde  of  the  vinic  series, 
has  also  been  obtained,  but  it  is  uifGcult  to  iiiolate  it  among  the  pro- 
dacts  of  oxidation  of  amylic  alcohol. 

By  heating  oil  of  potato-apirit  with  »  mixture  of  aulphurio  aoid 
and  bichromate  of  potassa,  thcro  pass  over  in  distillanon  valcriaoic 
acid  C,„H,Oj,HO  and  amylovalcnanio  cthor  C|»tI„0,C,oHaOj.  If 
it  be  treated  by  a  solution  of  potnssa,  the  valerianic  acid  is  ai«so!ved 
in  the  statu  of  valerianate  of  potuaaa,  while  the  amy lovaleriatuc  ether 
rvinuiiig,  which  in  it^  turn  may  be  wholly  transformed  into  valerianic 
acid,  if  ltd  vapours  be  pascd  over  eodic  lime.  The  oil  of  valeriaa 
U,  in  fact,  converted  into  valerianic  acid,  when  its  vapours  are  passed 
Over  eodic  lime  placed  iii  a  Euk  heated  iu  an  oil-bath  to  a  tempera* 
turo  between  400°  and  480°;  hydrogen  only  being  disengaged  in 
the  beginning,  while  toward  the  close  of  the  operation  this  gas  is 
accompanied  by  carburcHed  hydrogens.  The  flask  is  allowed  to 
cool,  and  is  opened  under  water  in  order  to  prevent  the  access  of 
air;  and  the  snh&tanoe,  diluted  with  water,  is  diatillcd  with  an  excess 
of  Bulphurio  acid.  Tho  li<|uor  collected  in  the  receiver  is  saturated 
with  carbonate  of  sndfi,  and  the  solution  evaporated  to  dryness ;  and, 
lastly,  the  residue  is  distilled  with  phosphoric  aoid,  whea  the  vale* 
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rinnic  acid  forms  an  oUj-  lujvr  on  the  eurfaec  of  the  water  in  tfa« 
irooeivor. 

§  1571.  In  orJcr  to  extract  ■^•»lerianio  acid  from  Tuleiion  root,  it 
h  Eufficieut  to  distil  tho  root  vith  a  Inrgp  rjuantity  of  iraler  acklu- 
Iat«d  l>y  sulphuric  acid;  a  etill  larger  qnantity  being  obtained  hy 
"Baine  the  following  raiiiuro: — 1  kilog.  of  valerian  root,  100  gr.  of 
litlpnaricacidjGOgm.  of  bichromate  ofpotsssa,  and  &  litres  of  water. 
This  »  owing  to  the  fnct  that  valerian  contains  an  essential  (nl, 
vultrole  C,-H|„0„  which  is  convortpd,  by  oxidizing  reagent*,  into 
Talerianic  acid.  The  distillaiion  should  not  he  commenced  iiniil 
the  mixture  has  macerated  for  24  houm. 

Valerianic  or  atnylic  acid  is  a  coloitrlciss  liqnid,  having  a  strong 
odour  of  valerian,  and  the  density  0.937  at  fiS-G",  while  it  boils  at 
175**;  its  equivalent  Cii,H,Oj,no  corresponding  to  4  rolamea  of 
Tapour.  It  diKBolves  slightly  in  water,  but  in  all  jHroportions  in 
alcohol  and  ether.  The  majority  of  the  valerates  are  8olabIe»  and 
the  alkaline  valerates  crystallize  with  difEcultv,  while  that  of  baryta 
forms  Email  brilliant  prisme.  Valerate  of  silver  is  insoluble,  tad 
prcaonta  the  formula  AgO,C,„U,0,. 

Valerianic  acid  is  acted  on  hychlorino,  oven  when  protected  from 
direct  solar  light,  and  ia  then  convcrt«'d  into  triehhrinatfd  valerianie 
arid  C,,H(Cl30j,H0.  In  order  tliut  the  reaction  maybe  complete, 
lieat  iiuTist  Ic  applied  tvwnrd  the  oluye.  and  the  current  of  chlorine 
must  be  kept  up  until  no  more  cblurobydric  acid  is  disengnged.  If 
tho  action  of  chlurinu  be  continued  in  the  inin,  qitadrkhlorinatej 
aeid  CioIIbCI.O^HO  is  obtained. 

Valerate  of  harytu,  distilled  over  the  firo  in  a  retort,  yields  a 
Tolatile,  oleaginous  product,,  which  is  purified  by  redistillation,  eol- 
lecting  only  tho  product  which  boils  at  Sil'J".  the  formula  of  tfa^ 
compound  is  C[,ll,a0;,  and  il  in  amylic  ur  valeric  aldehyde^  whick 
oxidixing  reagents  readily  convert  into  valerianic  acid;  the  trans- 
formntion  being  effected  even  by  the  oxygen  of  tfan  air  in  the  pre- 
Bcnce  of  platinum-sponge.* 

ESSEIITIAL  OIL  OP  WINE,  OR  (ENANrmC  eTHFR  C.H,0,C„B.A. 

%  1572.  1'here  exists  in  wine  on  essential  oil,  tu  which  the  pecnliar 
odour  of  wines,  called  their  b&uq\ut,  has  been  chiefly  attributed.  It 
consists  of  a  compound  vinic  elncr,  containing  an  acid  called  email- 
'  thio  rfraui  oTvAf,  vine,  and  shOat,  flower.) 

When  largo  quantities  of  wine  are  distilled,  an  oil  volatilixes  to- 
ward tho  close  of  tiie  operation,  which  is  a  mixture  of  vintnumthie 

*  Amj'tto  ether  i*  coiMiiiore4  m  t)i«  axlde  or  a  radJcAl  aiayi  CmHu.  In  lbs  ium 
mBnoer  aa  ether  »  rottivled  u  oxide  of  elh^l,  irlikli  ihMrj  luta  gaintd  ancb 
grouQfl  tmcis  nniT'l  hM  t)««R  ^etunll^  iMUtcd. 

VnlfHttnlo  ftciit  llifu  usumea  the  formula  <0tIft)C,0t.H0|  or  »*lig  a«I<I  paitvl 
witli  %  radiicnl  vatylC,\\„  vthlch  K<^1be  tint  iio1tiT«d. 

Sm  Ihe  note  lo  {  UOI._  0'.  /,.  r. 
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rOier  and  froo  ceaanthic  aeid.  As  tlie  oGuaDtliic  etlier  is  mucli  more 
voUlilc  than  tlio  ocQanUiic  add,  thcjr  maj  be  imporfcctljr  8opDTftt«d 
\>y  distilUtion ;  the  first  products  being  mucli  richer  in  cviunthie 
ctbcr.  lu  order  to  obtaiu  pure  ocniuitbic  ether,  the  crude  oil  is 
shaken  with  a  hot  solution  of  carbonnte  ot  Huda^.  which  dissolves 
the  free  oenn-nthtc  acid,  iind  toward  the  cloec  it  is  heated  to  cbulli- 
tioo.  BO  that  the  ccnanthic  ether  idat  scparitte  more  readily  and 
form  an  oily  layer  on  th*  surface.  After  being  decanted,  oud  acain 
sabjected  to  tho  same  treatment,  it  is  dried  orer  chloride  of  calcmm 
and  pitri6cd  by  distillation. 

(Ijnaiithic  ether  is  a  colourless  liquid,  of  a  rery  penetrating  »mell 
of  wine,  and  an  acrid  and  disagrE-eable  taste.  It  is  insolublo  in 
Ti^atcr,  but  ilisaolvt^s  readily  in  alcohol  and  ether.  ltd  density  is 
0.S62,  it  boils  at  446'*,  and  the  density  of  its  vnpour  i«  10.48;  its 
equivalent  0,lIiO,Ci,II|jO,,  being  therefore  represented  by  2  volumes 
of  rapoor.  It  is  ca.sily  decomposed  by  a  hot  itolution  of  cauHtic 
potassa,  oT  soda,  yielding  alcohol  and  ocnanthic  acid  which  remains 
combined  with  tlic  alkali.  By  decompoMng  tho  alkaline  ccnanthate 
by  dilut*  sulphuric  aeid,  tho  ojiiauthic  acid  collects  on  the  snrfaca 
of  the  liquid  in  the  fnrra  of  a  coh)urlcs»  oil,  which  is  merely  washed 
witU  hot  water,  and  then  dried  in  vacuo. 

At  the  ordinary  tcuiperaturo  a-nanthic  acid  has  tho  conaistenoo 
of  butter,  while  it  becomei?  very  fluid  at  a  Iiigber  temperature,  and 
boils  at  about  fiTO'*.  It  docs  not  sensibly  dissolve  in  water,  but  it 
DeverthelesR  reddens  litmus.  Alcohol  and  ether  dissolve  It  freely. 
ITie  distilled  acid  is  anhydrous,  and  presents  the  formula  CnHyO,; 
while,  when  in  contact  with  water,  it  abstracts  1  equiv.  from  it  and 
becomes  monohydratcd  acid  C,,II,30j,liO.  By  heating  to  iJOfl*  a 
mixture  of  '>  p-j.rts  of  sulphuviuatu  of  pota!!sa  and  1  part  of  nionohy- 
drated  ocnanthic  acid,  a  vinivnanthic  other  \s  obtained,  which  may 
be  purified  by  a  hot  solution  of  carbonate  of  soda.  If  u  mixture  of 
vood-spirit,  concentrated  sulphuric  ncid,  and  cenanthic  add  b9 
heated,  methmtanthic  ether  C,H,0,CuH,jO  is  fonned. 

As  rinoenanthic  ether  cannot  bo  detected  in  tho  fresh  juices  of 
vegetables,  it  is  probably  a  product  of  fenucutatioQ. 

CAOCTCHORC- 
g  1573.  Caoutchouc  ia  contained  in  the  milky  juice  of  Bevcral 
Tcgctablcs,  where  it  exists  in  tho  form  of  small  globules,  suspended 
in  an  aqueoua  liquid,  precisely  in  the  same  manner  a.s  tho  fatty 
elobules  in  milk.  The  chief  importations  of  caoutchouc  are  from 
Java  and  South  America:  and  it  is  obtained  from  ihe  gipfionta 
<ahucha  and  tho  jicua  ctittlica.  The  milky  sap  of  these  trees  con- 
tains about  30  per  cent,  of  caoutchouc;  and  wnen  left  to  itself,  the 
globules  of  citoatchoac  float  on  the  surface,  because  they  arc  Lighter 
than  water,  and  form  a  thick  creAm  on  it;  which  separation  is  more 
easily  effected  if  the  density  of  the  water  is  incrcwed  by  sea-salt. 


L 


I 


In  order  to  collect  tlis  ctoatchouc,  deep  incisions  are  mode  IdIo 
the  ba§e  of  tbc  tree  produciiig  it,  and  the  lic^uid  which  «xudee  U  re- 
ceived in  earthen  Teescl?,  irhcnce  it  is  tranafcrred  into  hottlea,  which, 
wbon  hermetically  Bcalnd,  may  b«  tratisporttd  and  preserved  for  a 
long  time  without  undergoing  any  change.  The  great«r  part  of  tho 
caoutchouc  found  in  comnicroe  is  in  the  shape  of  pcara.  either  Hraooth 
or  covered  with  marks,  and  generally  of  a  brown  colour.  The  In- 
dians nmko  thc-ftc  pears  by  spreading  SDCoeasire  layers  of  the  milky 
juice,  which  they  coagolnte  in  the  sun,  orer  pyriform  rlay  monlds; 
and  when  the  citoutchouc  is  of  sufficient  ihicknesa,  they  dip  the  moold 
in  water  to  soften  the  earth,  which  a  then  emptied  throngb  the 
nouth  of  the  caoutchouc  bottle.  I'he  brown  colour  is  owiDg  to  tbo 
deposition  of  the  smoke  during  it.1  desiccntlon  over  fire. 

Pure  caoutchouc  must  be  obtained  from  the  milky  juice  itself,  by 
mixing  it  with  4  lime»  its  weight  of  water,  and  allowing  it  to  rert 
for  24  hours,  when  the  gkibnlca  of  caoutchouc  float  on  the  Burface 
in  the  form  of  cream.  Tliis  cream  is  remoTcd,  and  by  agitation  ii 
suttponded  with  an  additional  quantity  of  water,  tif  which  the  density 
IB  increased  by  a  small  qusntity  of  sea-salt  and  cblorohydric  acid; 
when,  after  some  time,  the  caoutofauua  again  coUeets  on  the  Burlnee, 
and  is  again  removed  and  waehed,  and  ko  on,  until  tho  water  will  dt»- 
Bolrenomoreofit;  nftRrThtch  the  substance  iscompreeaed  between 
pnper  and  dried  under  the  receiver  of  an  air-pump.  CaoutcboDC, 
thuH  prepared,  is  a  white,  claRtie  substance,  of  the  density  0.925, 
and  containing  S7.3  of  carbon  and  12.8  uf  hydrogen. 

All  the  u.<ieful  arlicleH  of  enontchouc,  now  so  extenMvely  applied  is 
the  arts,  are  manufactured  from  tbo  pyriform  subatance,  hy  very 
various  mechanical  processes,  the  description  of  which  would  be  <M 
of  place.  The  elasticity  and  im permeability  of  caoutchouc  render 
it  valuable  for  many  piirpoflc^  In  surgery,  and  it  also  finds  freqoe&t 
use  in  t)ie  laboratory  of  the  chemist  nnd  physicist.  It  has  receDthf 
been  used  for  covering  cloths  and  other  stuffs,  to  render  them  water 
and  air  tiuht. 

Caoutcliouc  is  Imrd  at  a  low  temperature,  but  aoftens  readily  hj 
heat,  and  at  77°  possesses  great  flexibility;  while  it  melts  at  aDont 
248°,  and  then  forma  a  vincous  licjuid,  which  does  not  recover  iu 
original  condition  for  a  very  long  time.     If  it  be  further  heated, 
tho  Ii(|uid  becomes  more  fluid,  and  remajns  indefinitely  viscous  even 
after  cooling.     Molted  caoutchouc,  diluted  u-itb  a  small  quantity  of 
some  fatty  oil,  is  used  for  greasing  etopcocb».     It  burns  with^^ 
brilliant  and  very  smoky  flame;  and  by  heating  it  to  distillationi^H 
is  converted  into  sovoral  essential  oils,  of  different  volatile  pow^^^ 
and  which  arc  tticmaolves  modified  by  redistil  bit  ion. 

Caoutchouc  in  insoluble  in  water  and  alcohol,  although  boiling 
water  softrns  it  and  causes  it  to  swell,  but  without  dissolving  tU 
Ether,  the  essential  oils,  and  sulphide  of  carbon,  on  the  contrary, 
dissolve  it  rcudily,  and  form  solutions,  which  deposit,  after  sponl 
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neaus  evaporation,  on  the  objeoUi  to  which  thcj  have  been  spptjcd, 
an  elastic  and  impervious  coating  of  caoutchouc* 

QDTTA-PERCHA. 

§1674.  A  sabst&Dce  of  or^^aoic  origin  has  lately  been  foond, 
doaety  resembling  caoutchouc  In  its  chemical  and  phriiica]  proper- 
tifl0,  and  called  gvUa-ptrcha,  which  is  used  in  the  fabrication  of 
bands  to  <lriv«  miirhincrv,  and  scrcrnl  piirpo.sc»  nhlch  rcii|iiire  great 
solidity  united  to  a  certain  dogroe  of  flexibility.  It  ia  imported 
from  India  and  Chinit,  and  is  probably  the  product  of  some  vegeta- 
ble, although  us  yet  w«  lave  no  accurate  account  of  il«  origin. 

Guttu-percha  ie  of  n.  grayish-white  colour,  of  a  coDKJstcnco  resem- 
bling thnt  of  bom,  and  not  at  all  elastic;  but  it  softens  and  be- 
comes more  elastic  by  au  increase  of  temperature,  ita  original 
hard]ie89  returning  after  cooling.  It  burns,  like  caoutchouc,  with 
•  britliant  iind  smoky  flame.  Water,  alcohol,  the  acid  or  alkaline 
lltjuora,  exert  no  action  upon  it;  but  ether  and  the  essential  oils 
first  soften  and  then  dissolve  it.  Its  elemcntaTy  composition  differs 
bat  slightly  from  caoutchouc,  for  87.8  of  carban  and  12.2  of  hydro- 
gen have  been  found  in  It.f 


RBsms. 

^:tl&75.  The  name  of  reninii  \iaa  been  given  to  eortain  solid  sub- 
•MlUWs,  tridely  spread  ainuDg  vegetables,  and  whiob  flow  copiously 
from  Mme  of  tlicm  in  the  state  of  solution  in  the  essential  oil. 
S««i)8  are  solid,  non-volaUlo,  someiimes  colourless,  moat  frequently 
of  a  yellow  or  brown  tinge ;  insoluble  in  water,  but  dissolving  readily 

*The(llieoT«ric«  orOoodjeartbktcaootclioucmkjr  ttenodiSedin  iupropertio 

STariaiupro««BE«.'i,  UtvkhI  vuleaniiiag,  art  tort  importMit  to  pua  OTtr  is  'Qtter 
onot.  CliHlMCiiinii^car.  of  CiMiDRcticut.  L'tiitcl  ^tnle*.  diKOfercil,  b^j^Mn  of 
p«ti«ut  and  laborioiu  oKpcrimrnt,  ibut  milpimr  bcntc<l  nitb  caoutvbqut  prmlaoed 
whaChet4rai«d  m drying  eVctl  rx^atx  tbv latter,  rrn-Uriiigit  more  vlMCic,  incapabl* 
«f  bwonisg  hard  hjr  fratt,  invnlubU  in  ntht^r,  thu  «f)»«n[iiil  oil*,  &o.  B^  a  Mri*« 
ot  higblv  ingeDiciua  tncdisoiad  pracesBea,  tba  naw  rabrio  wan  mad*  lo  ImiiaU 
pkper,  eT«r;  kind  of  leather,  and  rarioas  kind*  ot  dry  gooija,  bUII.  hunvTer,  re- 
taiiiiiis  teureur  IcMof  tlie  oiifcinal,  Talmble  proptTtleii  or  tlto  mbber.  Hiit  raort 
rrcent  iiQprov«nieiil«  coniiHl  iu  inpartiiiK  tv  eaoutchouo  aaj  re<]airrd  degree  of 
lurdacn  between  iu  usually  aofl  stetc  and  the  bardacN  and  elMticllj  of  Umy, 
•ffecled  bj  KD  ('xpnaiioa  of  bis  tulDbariung  pmceHi  outl  hj  die  ailililiuu  uf  naie- 
rioU  t«  lh<r  ctActchoue.  D;  thie  dtttortrj  tit  Oo«d^u-,  bdiI  tbrough  bia  mler- 
pfiaSMid  patimt  peraftvennee,  ailnclBTe(atitbleprodu«t  eutbe  OAde  to  replace 
ftpVT,  leather,  and  dry  goodi,  bat  with  greater  elaalieil;  and  duratUitj-, — to  re- 
plaec  nhalfbciie.  horn.  torUiiae-abelL.  burn,  aud  ivory.— J.  C.  B. 

f  QuUa-percIin  ia  similar  in  Its  orisinand  cumpnaiiiao  to  caonlchooc,  and  jret 
prcaniU  verr  diffcrcnl  ntcmal  cdiaractera.  The  hardenlDg  effect  prodaeod  bj 
Ooo4jAar'>Milpb'"'''t'°''  orcBout«heae  eeema  lo  cooTert  tlie  latter  inioa  inbatanec 
rMMnbliaggutU-p«icbaiD  iteproportiee.  and  enables  n^  tueompbrehend  liewUte 
•aK«daee«rp1aB.U  majrprodtieedabelancefof  verj^iffrrcat  eitemal  piopertUa. 
Tfaa  tiMa  of  gntta-parriia  ar«  rapidly  eitendlng.— y.  V.  Jt. 

Tou  Il.-aa  -         4S 
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in  absolote  aloohol^  vhich  &oquGDtlj  deposits  them.  Id  the  fona  of 
crvst&ls,  After  evaporation.  The  majority  of  reaina  b«baYo  like  veak 
acida,  uud  form  dc&Ditt-  coinpoauds  with  the  alkalies  and  with  other 
BMtallic  oxidos.  Wo  shall  hero  ricscribc  only  the  resins  of  wr- 
pentiac,  which  hare,  oa  yet,  been  moei  accurately  inTcatigatcd. 

AVheo  the  terpenline  which  exudes  fmni  the  pmu»  maritima  U 
difitUled  with  water,  the  oil  of  terpentine  distils  inth  the  water, 
irbile  amibstancc  called  colophony  remBinit,  consisting  of  three  resins, 
ponesaing  acid  propertiea,  and  to  which  the  name  of  pimari^,  $iflne, 
and  pinie  acid  ha^-e  been  gircn.  The  eletneotary  cotnpoeitioD  of 
thefie  thr«o  aci<Is  is  exactly  the  same,  corresponding  to  the  fonmila 
C^.IUO,=0«.H«O^HO. 

Pimaric  acid  predominates  greatly  over  the  other  two  acid  renos, 
and  colophon;  appears  Bometimce  to  be  wholly  constituted  of  It. 
In  order  to  obtain  it,  powdered  colophony  in  treated  several  ticue 
with  a  mixture  of  5  or  6  parts  of  alcohol  and  1  part  of  ether,  when 
the  sylvic  and  pinic  acidH  are  dissolred,  while  the  greater  pordon 
of  the  pimaric  acid  remains  as  a  residue,  and  is  pnnfi«(l  by  being 
crystallized  rc])catRdIy  from  boiling  olcuhul.  Fiuiuric  acid  uiMolvet 
very  roadilr  in  ether,'  while  it  n'tiuirfis  10  parts  of  cold  and  it*  own 
weight  of  boiling  alcohol  for  sulution.  It  melts  at  about  267°, 
and  then  undorcoeB  an  isomerie  modification,  which  is  cosily  reeog- 
meablo  by  diitaolving  it  in  cold  oJcehol,  of  which  it  then  only  roqnirM 
1  part.  However,  this  modification  is  not  fixed,  since,  after  a  oe^ 
taui  time,  the  pimaric  acid  ia  rcgfiicratcd,  with  its  original  propw- 
tiw,  in  the  alcoholic  solution,  and  the  greater  portion  of  it  is  dep^ 
sited  in  crystals. 

Crystalllxed  punaric  acid  is  after  a  time  spontaneously  cooTartMl 
into  pinio  acid,  when  it  is  soluble  in  its  own  weight  of  alcohol,  wd 
does  not  assarao  any  crystalline  form. 

By  distilling;  pimaric  acid,  an  olca^oos  Babatanoo  is  condeiuri 
ud  congeab  m  the  acck  of  the  retort;  and  it  is  purified  hy  di»- 
whine  it  in  boiling  alcohol,  whence  it  is  doposited  in  the  form  of 
cryataUino  lamoUsB.  This  substance  is  identical  with  sylrio  acid, 
of  which  wo  mentioned  the  presenec  in  colophony,  differing  from 
pimaric  acid  by  Its  crystalline  form,  tnelting  at  nearly  the  eaOl 
temperature  of  257%  and  dissolring  in  8  or  10  times  Its  weigF 
alcohol. 

A  great  number  of  resins  arc  found  in  commerce,  whtdi 

feuerally  called  by  tho  name  of  the  vegetable  from  which  they^^ 
erived ;  and  thu  cb<.'uiicu.l  properties  of  all  of  them  ore  anal^MH 
to  those  of  resins  of  terpentine. 

Ecains  jncld  by  distillation  very  compUcutcd products:  carhuret- 

ted  hydrogens,  which  burn  with  a  brilliant  flame,  and  are  used  t» 

.illnminating  gases;  besides  essential  and  Used  cits.     Tho  foUowisg 

products  faa.Te  been  separated : 


eami 
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ReiinapMha  C,.H„  an  oil  boiling  at  226.6". 
*'  "         S02.0°. 


Retinyl 
JUtinole  C 


f'liMir 


FI^  isomeric  with  benzine,  boiline  at  464.0'^ 


RttiatfTui,  isomeric  with  naphthalin.  a  crystalline  sulmtanee  melt- 
iog  ftt  149*,  and  boiling  at  617.0'. 


SOLPHDRETTED  ESSENTIAL  OILS. 

§  1576.  Only  two  Kulphurcttcd  essential  oila  aro  os  jct  accuratol; 
known:  oil  of  muatarJ,  and  oil  of  aarllc;  wliilo  their  uumber  wil^ 
without  doubt,  be  greatly  incrcasca  hereafter. 
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OIL  OP  UARUC  c,n^. 

§1577.  Thifi  essentia!  oil  is  nbtained  by  distilling  cloves  of  gariio 
ith  Wfttcr,  when  an  estremelj  fetid  brown -cokiured  oil  pusses  over, 
which  is  decanted,  and,  after  distiUation  in  a  salt-water  bath,  is  rec- 
tified over  potassium  until  it  is  no  longer  acted  on  by  thia  metal. 
Oil  of  garlic  is  a  colourless  lirinttl,  of  ft  repulsive  odonr,  leis  dense 
than  irater,  diatilling  witbont  alteration,  atid  prcsoDting  the  fonnola 
CfllsS.  It  hag  been  called  tutpliide  of  afltfi,  because  it  has  been 
considered  as  a  compound  of  sulphur  with  a  carburettcd  hydrogen 
0(Hj.  or  ali^I.  This  oil  throws  dowu  precipitates  with  several 
metallic  solutions :  thus,  if  a  concentrated  solution  of  it  be  mixed 
vith  an  equally  concentrated  solution  of  vlitoridc  of  m^ircury,  a 
vrhite  precipitate  is  forraed,  •which,  when  purified  by  being  wnnhcd 
in  alcohol,  presents  the  formula  (HgS)i.C,HjS+(HgCl),.C,HaCI. 
When  alcoholic  solutions  of  oil  of  garfio  and  bichloride  of  platinum 
arc  mixed  tot;etlicr,  and  tlic  liquid  is  diluted  with  water,  a  yellow 
precipitate  isformcil,  of  wliiob  the  compoaition  corresponds  to  the 
fonnaU8(PtS„C„H,S)+PtCl„C„H,Cl.  When  an  alcoholic  solution 
of  oil  of  garlic  is  added  to  nitrate  of  silrer,  a  precipitate  of  sulphide 
~  Bilrer  is  obtained,  mixed  with  a  white  crystalline  compound, 
vhiclt  18  deposited  from  a  solution  in  boiling  water,  when  kept  in  the 
dark,  in  the  form  of  brilliant  white  c^^*9tals,  of  ft  composition  corre- 
sponding to  the  formula  AgO,NOj,C(HjO.  which  may  be  considered 
as  formed  by  the  combination  of  1  equivalent  of  nitrate  of  silver 
with  1  equivalent  of  oil  of  g»r1ic.  the  equivalent  of  sulphur  in  the 
Utter  lm\-ing  been  replaced  by  1  equivalent  of  oxygen.  By 
treating  this  crystalline  substance  with  ammonia,  the  compound 
C(H^O,  culled  oryde  of  atlyl,  is  separated,  in  the  form  of  a  volatile, 
colourless  oil,  of  a  disagreeable  odoiu*,  which  combines  directlv  with 
nitrate  of  silver,  rcproouciDg  the  crystalline  compoond  of  which  Wd 
luTo  joet  apoken. 
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Oa  OP  BLACK  HL'STARD  C,S.N8. 

§  1578.  Hub  oil  docs  not  exist  already  fonned  in  mnstArdi 
but  ia  deretoped  in  it,  in  the  presence  of  water,  bj  a  Itind  of 
moDtatiott  taking  pl«cc  bctvccn  the  gubiitances  contained  in  the 
seed,  to  which  we  snail  presentlj  reaiT.  The  fatty  oil  contained  in 
the  mu8tard-g«ed  is  extracted  by  menng  of  a  presa  ;  wlien  the  cake 
being  moisti-oed  witli  water,  ana  lefi  to  itself  for  ecveral  houra^  *^|^H 
Mcd,  nt  first  inodorous,  soon  exlin.les  the  pungent  smelt  of  mastar^^l 
It  is  then  distilled  with  water,  when  a  yellow  oil,  denser  than  water. 
pMBes  over  with  the  aqaeous  Tapoaiv.  By  a  second  distillation 
with  water,  it  loses  colour  sooslbly,  but  as  it  still  contoms  foreign 
substanceft,  it  is  (^stilled  in  a  retort  furnished  with  a  tberinoi 
and  the  liquid  which  diatilU  below  293°  is  separated,  the  teiap 
atare  being  arrested  at  this  point,  when  pure  oil  of  mustard 
over. 

Oil  of  mastard  is  a  coloarlc^  oil,  boiling  at  293°,  and  fnmishiii 
Tapoors  which  irritAto  the  eyes  and  nose,  and  show  the  density  ~ 
its  equivaJenl  CgHjNSj  corresponding  to  4  rolumcs  of  rapour. 
is  very  soluble  in  alcohol  and  ether,  lul  insoloMe  in  water,  and 
exerts  no  rotatory  power.     Ita  formula  CgH^NS.  may  be  writt 
C,HjSjO^,S,  which  constitutes  oil  of  garlic  CgHjO  and  snlpbo 
DOgeo;  and  in  fact,  tin;  conatitution  of  oil  of  mustard  must  be 
considered,  for  if  it  be  treated  witlt  mono^alphidc  of  potasaimn, 
of  garlic  C^lljS  is  obtained  by  distilUtion,  wmlc  the  liquid  cont 
golphocyanide  of  potassium.     If  the  vapour  of  oil  of  tnostard 
pawed  over  a  loixture  of  lime  and  cauatic  sod^  heated  to  24 
oxide  of  allyl  C^H^O  is  obtained,  and  the  residue  contains  sulpho- 
oyanidos. 

§1579.   Oil  of  mustard  yields,  either  with  ammoniacal  gas 
with    liquid    ammonin,    a   crystallised    compound,    Ihiotinamt 
Cgli^'SSJSlIy  wliicli  is  a  true  alkaloid.     This  substance  being 
disaolvca  in  boiling  water,  tho  liquor,  when  bleached  by 
black,  deposits,  by  evaporation,  the  thiosiDammin,  in  the  forin  of  pt 
matic  crystals,  of  a  brilliant  white  colour.     It  dissolves  in  ehl« 
hydric  acid,  forioiug  an  nucrj'atallizablc  compound ;  while,  by  i 
bichloride  of  platinum  to  the  aolution,  a  yellow  crrHtalline  pi 
tate  is  formed,  of  whicli  the  formula  is  (C,u,NSj,NH,),HCl+l 
Thiosinammin  (Ussokes  also  in  sulphuric,  nitric,  and  scetio. 
but  the  compounds  do  not  crystulliic. 

Wlien  heated  with  oxide  o(  lead  or  mercury,  it  parta  wholly 
ita  Enlphor,  and  a  new  alkaloid  CgHeNt,  called  sinammm,  is  fo~ 

CaH^S,+NH,+2PbO-C,H.N,+2PbS+2HO. 

Powdered  ihiosinaramin  is  mixed  with  freshly  precipitated  ana 
moist  bydnttcd  protoxide  of  lead,  and  is  heated  over  a  voter-l 
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ontil  the  filtered  liquid  is  no  longer  bUckeDcd  bv  the  addition  of 
potasM  ;  aftor  which  it  is  heated  several  times  vitn  boiling  alcohol, 
to  dissolve  the  siariminin,  leaving,  after  eraporatloii,  a  sjrupy  mus 
m  which  crystaU  are  developed. 

Sina.mnitn  has  a  fttrongty  alkaline  reaction,  bat  forms  only  a  smatt 
number  of  crystalliEable  ttalts  and  iui  chlorobydric  Holntion  jicld^ 
with  the  bichloride  of  platinum,  a  flaky  yellow  precipitate,  of  the 
formnla  cXNp2HCl+2PtCV 

If  oil  of  mustard  be  digested  with  bydrated  oxide  of  lead, 
nntil  an  additioual  quautitv  of  the  oxide  ceaiies  to  turn  black,  and 
it  bo  then  troatcd  with  boiling  water,  a  new  eubetance  C„H„N,0„ 
eallod  titiapolin^  is  dissolved,  which  aUo  possesses  baxic  properties, 
the  reaction  from  which  ic  arises  being  exproftjed  by  the  following 
eqoAlioD: 

2(VH,NS,+6PbO+2HO-C,.HaN,0,+4PbS+2(PbO,COJ. 

Synapolin  crj-tttullizctt  from  its  aqueous  eolutjon  in  spangles  of  a 
gnjFisb  liutre,  and  turns  litmus  blue,  while  ittt  solution  in  clilorohj- 
orie  acid  yielda  a  cryatulUno  precipitate  with  chloride  of  morcury. 

Mtffonie  Aetd  and  Myrotin. 

§1580.  Black  mustard-seed  contains  an  acid  snbstonee,  mifrcnic 
aeidi  combined  with  potasea,  which,  by  the  assistance  of  water  and 
s  peculiar  ferment,  called  mi/rofin,  also  contained  in  the  seed,  is 
convcrtcrd  into  oil  of  mustard  by  a.  peculiar  fermoutatioa,  called 
tinapif^ fermentation.  In  order  to  extract  the  myronato  of  potaasa, 
blacl  mufltftrj-aocd,  previously  freed  from  its  fatty  oil  by  pressure, 
18  heated  with  alcohol  to  185" ;  when  the  ferment,  myrosin,  in  iJiis 
way  coagulates  and  becomes  inactive.  The  substance  is  again  ex- 
pressed and  heate(t  with  tepid  water,  which  diseolTes  the  myronate 
of  potassa ;  and  by  adding  alcohol  to  this  new  solution,  some  muei- 
lagmous  substances  arc  coagdatcd,  whtn  ihi'  liquid,  after  cvapora- 
tion,  deposits  erjstala  of  m^onate  of  potassa. 

By  poui'ing  tartaric  acid  into  a  concentrated  eolution  uf  myronate 
of  po^ssa,  the  greater  part  of  the  potassa  is  precipitated,  and  a 
Terr  add  liqtiar  remains,  which  leaves,  after  evaporation,  an  uncrys- 
talltsable  syrupy  substance.  The  composition  of  myronic  acid  ia 
unknown. 

Sfyrosin  ia  separated  by  exhausting  white  mnatard-seed  with  cold 
irater,  eraporating  the  ^tercd  liqoid  at  a  low  temperature,  and 
Bidding  alcohol,  which  prfcipilates  the  myrosin.  Myrosin  cannot  be 
extracted  from  black  mustard-seed,  because  it  forms  oil  of  mustard 
as  soon  as  it  is  moistened  with  water.  No  other  known  ferment 
can  be  substituted  for  myroein  in  the  sinapic  fermeotation. 

Sas 
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OF  SOME  IMPORTANT  PRODUCTS  WHICH  AKE  FORMED  DUKINfi, 
THE  DISTILLATION  OF  OROANIC  SUBSTANCES- 

§  1581.  Wc  shall  include  in  this  chapter  some  importnnt  tal 
sUncos  prodnccd  by  tho  disdllauoD  of  organic  matter,  which  hat 
not  yet  men,  with  certainty,  appended  to  any  great  series.     W<l 
ahall*  add  the  tialivo  hydrocartturettM  essential  oiU,  known  one 
the  name  of  naphtha  luxi  petroleum,  which  probably  ariso  in  the i 
manner  from  Uie  boaom  of  the  earth. 

HAPHTIULiS  C.H,- 

%  1582.  Thia  remarkable  substance  U  formed  by  the  decompoaition 
of  a  great  nambcr  of  oreanic  eabittaiKea  at  a  lugh  temperature,  a 
conaiacnible  quantity  of  it  being  produced  in  the  munufacture  of 
illuminating  gas  from  bituminous  cool.  Adulterated  with  an  oily 
substance  aQd  lampblack,  naplithalin  is  depoeilcd  in  cr^rstaja  on  tin' 
sides  of  the  pipM  which  convey  the  gu  from  the  retortn ;  aad  'A 
must  be  reroored,  from  time  to  time,  to  prevent  their 
completely  choked ;  and  in  the  laboratory,  it  ia  generally  est 
from  thvae  depoaita.  The  moat  simple  method  consists  iu  employing 
the  process  deseribed  (§  lo27)  for  tnc  extraction  of  benzoic  acid,  by 
sublunalion  from  the  resin  of  benzoin,  the  naphthnlio  ihtu  ohlaincil 
being  nearly  piiro ;  and  to  make  it  perfectly  m>,  it  i»  dissolved  ta 
boiling  alcohol,  nLcnce  it  b  again  deposited,  in  crystals,  on  coolinj;. 

Kaplithalin  cr^'stnllizen  in  beautiful  rhombrtidal  laminic,  of  a  whits  i 
colour  and  greasy  lustre;  has  a  peculiar,  very  poniiatent  odour;] 
raelis  at  174^2'=,  and  boils  at  418.6*,  the  density  of  its  vapour 
i.SS,  and  its  equivalent  C^Hfi  corresponding  to  4  volumes  of  rapovr^l 
Hot  water  diwolves  a  rery  small  (luantity  of  it,  for  water,  heated] 
with  naphthalin,  becomes  slightly  cloudv  on  cooling.  Alcohol 
itolves  one-fourth  of  its  weight  of  it,  while  ether  and  tKe 
oiU  dissolve  it  more  freely. 

§  1>5H3.  Chlorine  acta  readily  on  napbtbalin,  which  first  be 
liquid  under  its  action,  but  again  solidifies  if  it  be  prolonged.  ITl 
the  siibstanoe  be  then  eiiproeecd  between  tissue-paper  and  crvat 
lised  in  ether,  a  liomogeueous  sul)Stance  of  the  formula  C^gU^Clgitj 
obtained,  wKicli  may  be  con&idercd  as  a  combioalioD  of  1  uqiuTalcnij 
of  nnphtbalin  and  4  cnuivatentx  of  chlarine.  The  formula  of  tbel 
liquid  which  precedes  tlie  formation  of  this  crystalline  compound  iftj 
CjoHpCU;  and  it  resalts  from  the  combination  of  1  oquivaleot  of^ 
□aphtbalm  with  2  equivalents  of  chlorine.  The  fonnula  of  the  ayvj 
talliie  compound  may  be  written  C„H,CI„2nCl,  being  conei^ 
OS  a  compouad  of  1  equivalent  of  bichlcrinatcd  naphthalin  C,^~ 
with  2  equivalents  of  chlorohydric  acid.  Jn  fact,  tlie  sabstane^ 
in  this  menncr  decomposed  by  heat,  chlorohydric  acid  being  (iiscn- ' 
g^gfiif  while  bichlorinnied  napbtbalin  Ci^^II^Ol,  condenses  in  uefonn 
of  ft  colourless  liquid.    The  liquid  Hubsiance  C,,UtC]]  being  ftiM . 
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decomposed  hy  heat  into  clilorohydrie  acid,  and  into  monochlori- 
nated  naiihtliiilin  Cnll^Cl;  its  formula  maj  tlieroforo  be  writtCD 
Cji^CljHCl.  These  are  not  the  only  subatanoos  which  may  be 
dorired  from  naphthalia  by  the  action  of  chloriao,  aiaco  a  great 
nuinbcra  of  oLhent  exi^t,  wbicli  nrv  obtained  by  aubjocting  the  first 
tiro  to  various  reagents,  or  by  causing  chlorine  to  act  on  the  pro- 
ducts ibey  yivhl  by  Jislillation.  We  i^hall  merely  indicate  the  for- 
nalsc  of  the  principal  of  these  eutstUQCCs: 

Naphthalin C„H„ 

Monochlorinatcd  naphtbaUn C,on,CI, 

Bichlnrinnted  "  C^H^Cl^ 

Trichlorinatcd  "  C„U,C1„ 

Qaadrichlorinated     '*  CuH,Cl0 

Sesquicblorinated      "  CnHjClfl 

Perchlorinatcd  '*  C^Cly 

With  bromine  have  been  obtained 

Monobroniinatcdnaplitbalia C^BrBri 

Bibroroinated  "  CJ^t„ 

Tribrominatod  "  C^fifiTj, 

Qaadribromiuatfld      •*  C^H^Br^. 

By  the  8ucces!>ire  acliou  of  bromine  and  chlorine, 

Bromobicblorinatcd  naphthalin C,gII,BrClt, 

Bibromobichlorinatcd     *'  C«,n,Br,Cl^ 

BromotTicblorinated       "  CjjU^BrCl,, 

BibroiDotrichlorinatcd    "  C„lIjBr,Cl,. 

To  vbioh  tony  be  added  the  more  complex  groupings,  considered 
either  as  compounds  with  chlorine  or  bromine,  of  tne  original  napb- 
tbalin  or  chlorinated  or  bromiaated  naphthalins,  or  aachlorohydrates 
of  chloriniitod  naphthn.1in,  from  nhich  two  ways  of  examining  tbcm 
ire  Bbali  write  their  fonnulie: 

c^HjCi,        or c^n.ci.nci, 

c^ci^ci,     c,h;cuici, 

C„H.Br,CI,       C„II,B>-,CI.Ha, 

C^jBr^Br,       C„H.Br,.irBr. 

o^a,        c«u,ci„2noi, 

c^ci,ci,      c„n.ci„2nci, 

C„H,Br,Cl„Br« <:jlfiTfii„2UBv. 

§  1584.  Nitric  acid  reacts  readily  on  naphthalin  at  the  boiUog 
{Mint,  conrerting  it  rapidly  into  au  oil  which  solidifiu  on  cooling, 
»nd  should  be  purified  by  Hverol  cry8talliiati(»ia  in  slooLoL    Its 
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flbrada  being  CwH^I^O,),  it  may  be  conudered  u  Daphtbalin  in 
vfaicb  1  equiv.  of  liydrogon  is  replaced  hy  1  eqaiT.  oftlie  compottod 
NO,.  By  continuing  tEe  uoUon  of  the  nitric  add,  we  obtain  ^^ 
cemT«1y 

Bimtr'mapkthaUn C^IT((NOO 

tknd       TrinitronafktJtaUn C.lijtNOJ,. 

Bj  causing  snlfhjdrate  of  amtnonia  to  act  oo  an  nlooholie  8oll^ 
tioDof  mononitronaphthal in  C,|}Hf(NOJ,  an  organic  base  is  obtabcd, 
ncphtialidam  C„n^: 

C„EI^NO0+6(NH>,2HS)=C,AN+4HO+CS+6(Nn^H8). 

This  Eubetance  cirst^lUics  in  vliitc  nocdlcs,  mcllinc  at  86^,  and 
boiling  at  about  570°,  wicbout  ii1tera.tioD,  vbicli  combine  viib  tlie 
aeidB  and  form  cmtalliiabl«  e&lis,  the  formula  r>f  tbc  cbli>robvdrat« 
being  Cj^IgNJICl.  nnd  that  of  ibc  sulphate  (Cj,il^,HO),SO, 

Under  tb&  same  circomstAnecs,  binitronnpbthalin  C^H„(NOJp  and 
the  triaitronaphthalin  C„HiNO,)„  yield  other  alkaloids  OJBLNa 

*^«^r    .... 

By  causing  nitric  aoid  to  act  on  chlorinated  naphthalinft,  there  rft- 

Fiilt  either  siihRtitutiona  of  the  cnmpoiirnl  NO,  for  hydrogen,  or  pro- 
ducts of  oxidation  in  irhich  the  molecule  of  DaphthaUn  ia  modified 
by  the  subiititution  of  oxygen  in  the  place  of  hydrogen;  and  in  this 
maoncr  fauve  been  obtained 

Trichlorinated  binitronapJithalm C,^jCl,(NOJ„ 

and  the  product*  of  oxidation: C^,Cl,OpO„ 

c«    C1,0^0„ 

C„H  CUOpOr 

It  will  be  seen  that  from  no  carburetted  hydrogen  are  tnor* 
numerous  products  derived  than  from  napbthalin ;  which  probably 
arisee  from  the  fact  that  no  other  one  hafl  been  so  carefully  cxaminM 
in  this  point  of  vicvf- 

§  15B5.  ConcenirAlcd  itulphuric  acid  acts  readily  on  naphtlialjn, 
and  yielda  acid  compounds.  By  heating  naphthalin  to  abont  194* 
with  concentrated  sulphuric  acid,  it  diesolvc-s  in  it,  and  forms  a 
^rupy  liquid,  generally  reddish,  which,  when  exposed  to  a  moist  air, 
Mts  in  a  erystalline  mass,  readily  soluble  in  vatcr,  producing  an  acid 
liauid  which  foroiii,  with  earhonatc  of  lead,  two  aalts  nnequ&Uy  wh> 
lulle  to  aleohol.  The  acid  of  which  the  salt  of  lead  is  more  solabl« 
in  aloobol  is  by  fur  the  more  abundant,  and  haa  been  called  ruipho' 
naphtJuiltc  acid;  the  general  formula  of  itis  dried  iolt  being  RO, 
((^iHfSjO..)  The  otbur  acid  hue  received  tfao  name  of  nUphonapH- 
(Ate  aeid,  hut  its  composition  is  not  exactly  known. 

By  causing  oonccutratcd  sulphuric  acid  to  act 
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and  on  qandrichlorinnted  naphtfaatiii,  thero  resolt  adds  perfectly 
analoeoua  to  Milplionnplitluilic  acid,  formlog  s&ltd  of  the  gcacru 
fonnuJie,  when  dried, 

R0,{C„H,C1„S,0,). 

RO,ic„n,ci„SA)- 

By  nubstitHting  anhydrous  sulphuric  for  monohydrawd  sulphnric 
add,  two  neutral  crystaJliEable  HufjaCanci's  arc  obtained  in  additioa 
tothe  same  acid  cnntpound.*; :  milpKonaphthalin,  of  irhtcb  the  formula 
is  CjjHjiSOp  and  aulphonaphtnaliiie,  the  compOBition  of  whicli  ajj- 
peora  to  correspond  to  the  fonoulo  Cj,II,(„SO,.  These  eubstancca 
are  geaerally  acconipaniod  by  a  rod  colouring  matter,  of  which  the 
eompoutiODU  not  yet  exactly  knon-n. 

Paraffin. 

§  1586.  A  small  qnaJitity  of  this  9ubetanc«  is  found  among  the 
products  of  diHtiltatioQ  nf  bituminous  coals,  together  with  a  great 
aoznber  of  organic  RubfltAncfin;  und  it  in  concentrated  in  the  sub- 
stances which  volatilize  last,  whi-n  these  productJt  ore  subjoeted 
to  redistillation,  in  order  to  extract  it,  the  aubstance  in  heated 
with  concentrated  sulphuric  acid,  which  carbomtes  the  greater 
twrUoa  of  the  eubetaiicca  mixed  with  the  paraffin,  when,  if  the  liquid 
be  allowed  to  rent,  at  a  temperature  of  122"  or  140*,  the  pure  paraf- 
fin f<;>nns  an  city  layer  on  the  eurface,  vrhich  solidifies  on  cooliag. 
The  mibiitancc  is  cxprc^tacd  several  tiincn  between  ttuue-paper, 
which  absorbs  the  oiJy  portions,  and  it  is  purified  by  solution  in 
boilins  alcohol,  or  in  a  mixture  of  alcvhol  aud  ether,  whence  it  is 
deposited,  on  cooling,  in  the  form  of  brilliant  spongles  of  a  greasy 
lustre. 

A  large  quantity  of  paraffin  may  he  obtained  by  distilling  a  mix- 
turo  of  wax  and  lime,  wlien  the  oily  product  which  solidifies  on  cool- 
ing, after  being  eipre^fied  between  tisiae-paper,  furnishes  pure  p:imf- 
fin  by  oystuUixation  in  alcohol  or  in  ether. 

Paraffin  mells  at  116.6'^  and  bolU  at  about  TOO'',  while,  if  it  is 
not  carefully  heated,  a  portion  of  it  ia  decomposod  and  yields  gaseous 
products.  It  is  dititiTiguished  by  great  stability,  innce  concentrated 
emlphuric  acid,  at  a  temperature  not  exceeding  212°,  ordinary  aitrte 
acid,  and  chlorine,  exert  no  action  upon  it,  to  which  property  it 
owes  its  name,  (from  parum  ajjitiu,)  Paraffin  bums  in  the  air  with 
a  hriltinTit  flame,  and  very  good  candles  are  made  of  it.  100  parts 
of  boiling  alcohol  dissolve  about  3.5  of  il,  nearly  all  of  which  la  de* 
posited  on  cooling. 

The  name  of  eupicne  has  been  given  to  volatile  oils  obtained,  in 
greator  or  less  quantity,  ia  the  preparation  of  paraffin,  which  are 
mixtures  of  various  carbnretted  hydrogens,  analogous  to  those  oon> 
stituting  potroleum. 
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rnENic  Acnt,  phekolb.  or  cabboltc  acid  c»H,o.no. 

§  1S87.  These  nkriooB  names  are  girea  to  »  product  excractetl 
&ora  oonl-tsr,  by  distilliDS  the  oily  part  of  the  tar  and  collecting 
soperately  the  |>ortion  which  p&Bses  over  between  300°  and  4(XI'^. 
Tho  liquid  distilled  betveen  tbene  tito  degrees  a  shaken  several 
ttm«a  «itb  a  verj  conccntntted  solution  of  caustic  potast^a,  to  which 
frogment«  of  hydrate  of  potaasa  are  added,  when  the  oil  diseneagts 
A  disagrctfablc  odonr,  and  sets  into  a  orj^stnlline  mae».  Water  beiag 
then  added,  and  tho  whole  heated  to  boiling,  the  liquid  separates 
into  two  layers:  a  Hfjht,  oily  layer,  which  is  removed,  &ud  a  bearier, 
aqncons  liquid,  which  ia  treated  with  chlorohydric  acid.  The  oil 
vhich  is  thus  separated  bj  rlting  to  tlic  Burface  is  decanted,  digosted 
OTcr  chloride  of  oalciunit  and  di&tillc<L  several  tlmefi.  ThU  otl, 
which  is  phcoio  acid,  and  becomes  solid  at  a  low  temperature,  ti 
also  formed  in  the  dictation  of  salicylic  acid  with  lime,  and  in  that 
of  benzoin. 

Phonic  acid  constitutes,  ol  the  ordinary  tcmperatnro,  a  white  cm- 
talline  compound,  melting  at  about  S.'j.O'',  mid  boiling  at  370.4"; 
of  the  density  1.065  at  ti4.4'';  slightly  eoluble  in  water,  and  di»- 
soMng  in  all  proportions  in  alcohol  and  ether.  It  combines  vith 
potasea  to  a  crystalline  salt  KO^C^HjO,  and  forms  analogous  oon- 
poanils  with  baryta  and  lime.  It  reduces  sercral  metallic  salts,  par- 
ticuhirly  the  suits  of  silver  and  mercury. 

Chlorine  acts  readily  on  phenic  aad,  and  the  following  [^enic 
ftcidfi  bare  thus  been  obtained : 

Bichlorinated : CnH,Cl,0,HO, 

and       Trichlorinated C,^CI,0,HO. 

Bromine  forms  analogous  products. 

Kitiic  a^  also  acts  on  phenic  acid,  and  yiolda  mcceeiivtl: 
bmitrophttni'e  add  C,jII,(140t),0,UO,  and  trinilrophenie  eundCg. 
(S0,\0fH0i  which  two  proilucta  are  generally  propawd  by  aWi 
tacldng  directly,  by  nitric  acid,  the  portion  of  oil  of  coal-tar  wl 
distila  Detween*3&4°  and  374 '*,  when  o.  very  cocrgctic  reaction  ensai 
furnishing  a  brown  muss,  ivhldi  ia  n'i>:ihcd  with  cold  water  and 
solved  in  ammoniacal  watvr  heated  to  Wiling.  The  liquid  deposiU^ 
cooling,  binUrophenatt  ofaminoHta,  wliich  ia  to  b«  purified  by  Mverat 
orrsuiJlizationit;  and  which,  by  dccomp(»ition  with  eblurohydria 
aad,  yields  binitrophcnic  ucid.  This  acid,  which  crystalliiea 
right-angled  prisiaa,  'K-ith  a  rectangular  baao,  and  of  b  slightly 
lowish  colour,  is  suddenly  dcconiposod  by  heat.  It  diasolvos  slig! 
in  boiling  water,  arid  k  wholly  ucpositod  from  it  on  cooling,  w 
alcohol  and  ether  tlisaolro  it  largely. 

Boiling  nitric  acid  acts  readily  on  binitrophenic  acid,  and  con- 
vet-ts  it  into  trinitnphenic  <uid  C,jHXKO,)iO,UO,  which  has ' 
known  for  a  long  time  mider  different  natocs ;  having  been  ea 
Wtlter't  bitttTt  nitroi^rhHU  acidj  pkrie  aeiij  etc    It  is  obi 
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hy  the  octioti  of  nitrio  aoid  oq  the  niMt  <Iirern6e<1  organic  suV 
aUiices,  piirticukrlj  on  nitrogeLous  subatauccs  of  aaimal  origin, 
8uch  as  silk,  fibrine,  unci  animal  tissues.  SaUcin  treated  with  nitric 
add  fields  a  large  guantit;  of  trinitropheoic  acid,  and  ire  shall  ecc 
that  It  ta  also  omained  in  treating  indigo  hv  the  samo  acid.  It 
cryataUixes  in  brilliant  rellow  priRms,  15  but  slightlj soluble  in  cold, 
hut  largelj  so  in  hot  watrr,  while  alcohol  and  ether  dissolve  it 
freeh'.  It  forms  yellow  cr^atallisahle  salta  with  banes  which  detonate 
when  heated. 

CBEA80TB  C.H^O.. 

5  1566.  A  liquid  snbstance,  called  eremote,  and  possessing  some 
intereot  in  bein;;  used  to  allay  toothache,  is  extracted  from  wood-tar 

d  pyroligncous  acid,  by  n  long  and  complicated  process.  The 
<d-taria  distilled  until  a  pttchluce  mass  alone  remains,  when  the 

itillod  liquid  separates  in  the  receiver  into  three  layei-s,  the  lower 
hich,  cuntaiuing  the  creaaote,  is  Baturated  with  carbonate  of 
after  which  the  supernalant  nil  is  decanted  and  again  dts- 
;  the  fimt  produda,  which  aro  lighter  than  water,  being  rejected, 
hile  tho  heavier  oil  is  collected  and  again  distilled.  This  oil  ia 
then  shakeu  several  timvs  with  a  weak  and  hot  solution  of  pho»- 
I^oric  acid,  washed  until  it  gives  off  no  more  acid,  and  ti-eatod 
with  an  alkaline  solution  of  the  density  1.12,  when  the  creasote 
leaves  the  oil,  and  dissolves  in  the  alkaline  liquid,  which  is  separated 
and  exposed  for  some  time  to  the  air,  to  oxidise  a  foreign  sahstance 
which  discolours  the  liquid.  Lastly,  the  solution,  afler  being  sata- 
rated  with  phnsphoric  acid,  is  distilled,  when  the  crcasote  volatilizes 
with  the  water  and  sepuratcti  iu  the  receiver  in  the  form  of  an  oily 
layer. 

Creasote  ia  a  colourless,  oleaginous  liquid,  of  a  penetrating  and 
disagreeable  odour  and  an  acrid  and  burning  tasto  ;  cauterizing  the 
urganie  tisues,  coagulating  albumen,  und  preventing  tho  putrefaction 
of  meat.  It  boiht,  without  change,  at  about  890°,  and  is  insolable  in 
water,  hut  readily  so  in  alcohol  and  ether.  It  forms,  with  potaisa  and 
soda,  crystalline  compounds,  from  which  acids  separate  it  witlioat 
change  ;  and  its  composition  corresponds  to  the  formula  Cigll^iO^- 

An  alcoholic  solution  of  crcasot«  is  used  in  medicine. 


NAPHTHA,  OR  PETROLEUM. 

§1589.  In  many  countries,  odoriferous  oils  exude  from  the  ground, 
accompanied  geuerally  by  hot  or  cold  water,  and  sometimes  by 
eomhu-^tihle  gnsc->;  niul  when  such  liquids  are  collected  in  natural 
or  artificial  reservoirs,  the  oil  floats  on  the  surface.  Tho  general 
name  at  f/^trolettm  is  given  to  these  oils,  the  nature  of  which  is  evi- 
dently very  diversified,  for  some  of  them  distil  wholly  witlioot 
change,  while  others  leave  a  considerable  residue  of  fixed  oiL  which 
ifl  decomposed  by  heat.    The  most  abonda&t  springs  of  petroleum 
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are  in  the  neighboorliood  of  Baku  in  Porait,  vhere  jets  of  am- 
btuitibls  ciu,  copious  cDongh  to  enable  tho  inluilntaiits  to  use  it  for 
eooiiug  Uieir  food,  issue  BimiiltaneouBly  from  fissures  in  the  groiaidj 
and  some  spriugs  of  petroleum  hjc  also  found  at  Ami&no.  in  the 
Duchv  of  Parma.  Petroleum  hi  purified  by  distilla.tioD  with  water, 
and  tbc  product  is  known  in  commorce  by  the  name  of  oil  of  naphtht, 
or  oil  of  petrvUum.  w| 

Oil  of  ntphtho,  which  pr«8«nM  tho  deneit^  of  about  0.84,  an<l  gi^H 
a  peculiar  odour,  coiitaitw  no  oxygen,  and  appears  1o  he  fonned  ^f 
the  mixture  of  eevcrsil  corburettod  hydrogens.  If  it  be  diatilled  in  a 
retort  furnished  with  a  thermometer,  ebullition  h  found  to  com- 
menco  when  the  thermometer  marks  ^.'iO'^  to  2S4%  while  tho  tecnper- 
uturc  graduaUy  risoa,  and  the  last  portionH  do  not  diatil  below  570". 
If  tho  productii  of  dialiUation  be  eolleeted  iieparately,  Lbu  moet  rob- 
tUe  is  a  liquid  boiling  at  about  194",  after  wbioh  nomerous  prodacts 
pass  over,  boiling  at  higher  and  higher  t^giperatures,  while  it  has 
mtherto  been  imposeiblc  to  separate  a  liquid  presenting  »  conataat 
boiling  point,  mixtures  only  haring  been  obtained.  Tlie  compoeittim 
of  the  mfvst  rolatilc  prodncts  eorrespond  approximately  to  the  fom 
CHf  and  they  are  isomeric  with  olefiant  gas,  while  the  less  voli 
producti  contain  le&A  hydrogen. 

The  esjientiat  oils  which  uinn  peiroleam  are  remarkable  for 
resistance  to  chemicnl  agents,  Mince  they  are  scarcely  alTeotod 
ooncentrated  sulphuric  and  nitric  acids ;  and  tht;y  are  used  in 
laboratory  for  the  preservation  of  potaasium,  {§  426.) 


THE  FATS. 

$  1590.  The  nnme  of/dtt  is  commonly  assigned  to  nibetaneelij 
orgaiue  origin,  liquid  or  »o1id,  but  melting  at  a  very  low  tem| 
tore,  which,  when  eprcjid  in  a  Ii<iuid  ^tate  on  paper,  render  it  tr 
lucent,  and  mnke  permanent  stains  on  it,  known  by  thoDamc  of  grease- 
Bpots ;  while  Ike  chemist  defines  fats  by  certain  chemical  propcniea, 
and,  partieularly,  by  their  manner  of  composition,  as  shall  subse- 
quently he  shown. 

Fatty  substances  are  found  both  in  tho  vegetable  and  animal 
loDgdoilu,  and  seem  to  I>c  identical  in  both ;  which  has  led  some 
physiologists  to  the  opinion  thntanimaln  merely  assimilate  to  ihqs^ 
selves  those  which  exist  in  re^etablcis  witliout  then-  uadem>ing  i^H 
chemical  chonee.  Although  we  shall  reserve  for  the  close  Olthiawm^ 
the  study  of  the  principal  Bubstanoea  constitoting  the  anu&al  eco- 
nomy, we  shall  not,  in  this  place,  sepurate  the  fatty  substances  of 
tho  two  kingdoms. 

Vegetable  fats  arc  gpnernlly  fluid  at  the  ordinary  lempcnituro, 
while  several  of  them  coagulate  and  solidify,  more  or  leas  pcife 
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Bt  a  low  icmpernHirc.  Thoy  are  completely  liquid  only  at  n  higli 
lieftl,  snd  at  the  ordinary  temperature  posseea  a  certaiii  degree  of 
TiBcidiiy,  called  an  tnly  termstenet.  Tbo  fat  of  wann>bloo^  ftoi* 
zaala  IB  solid,  its  firmncse  varyini;  accordtoj^  to  tlie  position  it  oocQ- 
pies  in  the  body  of  the  animal ;  « bile  that  of  fi»lies  and  cold-blooded 
animals  in  generat  ia  fluid. 

In  plants,  fat  is  foand  chiefly  in  the  seeds  and  pcriearp  of  the 
fruit,  iQ  tbe  fi>rm  of  small  drops  which  fill  p<;ciiliiLr  <:«lb,  and  alM 
exists  in  the  chape  of  a  naxlike  substance  on  the  sorfaco  of  the 
leaves  and  bark.  The  proportion  existing  in  seeds  is  often  very 
considerable:  tbuH,  Dax^eed  contains  about  20  per  ocnt.  of  oil,  and 
rapeseed  SQ  to  40,  while  the  seed  of  ricinu»  communit,  'which  fiir- 
nishee  castor-oil,  contnina  as  much  as  OO.  The  oil  is  geDcrallr  ex- 
tracted merely  by  expreaaing  the  seeds,  but  in  order  to  render  it 
more  fluid  they  are  heatod.  and  then  comprcAseil  between  hot  plates. 
When  the  proportion  of  oil  ie  nnalkr,  fermentation  'm  iioinetinies 
reeortcd  to  for  the  dratnicticin  of  a  portion  of  the  organic  substances 
and  in  order  to  break  up  th«  fruit.  Lastly,  in  the  laboratory,  aol- 
Tents  are  sometimc«  usou,  chiefly  ether,  which  is  then  drivon  oflT  by 
craporation. 

Animal  fat  may  be  obtained  either  mechanically  or  by  the  action 
of  heat.  In  order  to  purify  it  in  tbe  laboratory,  it  is  generally  dis- 
solved in  ether ;  but  it  must  not  be  forgotten  that  thi:)  liquid  can  also 
diswlve  some  of  the  foreign  substances  mixed  with  the  fat.  The 
melting  point  of  fat  varies  from  23^  to  140°,  while  at  temperatures 
above  480*  tbey  yield  copious  and  very  acrid  fumes,  but  do  not 
distil  without  alteration,  whence  they  are  called  Jix4!d  oils.  At  an 
intense  heat  they  are  wholly  decomposed,  and  produce  gases  of 
great  illuminating  power. 

%  1591.  Oils  generally  absorb  oxygen  from  tho  air,  but  in  very 
T&rious  proportions;  and  while  some  absorb  hut  small  quatititiei  of 
it  without  sensibly  changing  in  appearance,  merely  aciiuiring  a  dis- 
agreeable smell,  when  they  are  said  to  become  rancidjUXhen  abcrarb 
Ivgcr  proportions  of  oxygen,  become  covered  vrith  a  coating  of  % 
rcsmouH  appearance,  and  are  finally  completely  solidified;  anu  these 
are  called  dri/ing-oiU,  the  only  ones  which  can  bo  used  in  paintinr. 
Linseed,  nut,  hemp,  poppy,  and  caator-oil  arc  drjing-oils,  whiTo 
aome  fish-otls  appear  to  pu»«e«s  the  same  property.  The  fat  of 
wnrm-bloodod  animals,  tho  oil  of  ulmouda, olive-oil,  rapcsccd-oil,  &o. 
are  not  drytug-otls. 

The  chemical  action  which  produces  tho  solidification  of  drying- 
oils  is  sometimes  limited  to  a  simple  combination  with  oxygen  ;  as 
in  the  case  with  hosccd-oil,  which  absorbs  large  quantitiea  of  oxy- 
gen without  diiifngagiii);  any  gas ;  but  more  frequently  carbonic  seid, 
and  sometimes  hydrogen,  is  evolved.  Absorption  goes  on  slowly  at 
firat,  but  Hub»«quenlly  becomes  mort'  rapid,  i-siiecially  when  tbe  oil 
is  spread  over  a  large  eurfaco  or  on  porous  bodice.     I>>ying-«ils 
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dry  more  quickly  i>l)CQ  the;  havu  been  prcTiousk  boiled  witli 
litwge  or  pcroxiilo  of  manfcanme ;  iu  vhicb  cue  lliey  contain  a 
BBiall  onMlity  of  those  metallic  oxides  in  eolation. 

§  1592.  The  grciUcr  part  of  aninial  fats  is  forme<I  of  ktc^^H 
DRuimatu  principles  imitcd  In  indefinitc  proportions ;  dq<)  of  whid^l 
cbenustshaTedisUopiished  only  three:  atcartH,  mart/arin,  audcktn. 
TboBO  priu<upl<6  behave,  in  chemical  reavtiooii,  like  cotDpounds  of 
the  same  aoMtaoce,  gljfctrin,  vith  a  fatty  acid,  pocaliar  to  each  of 
t^iese  principlM.  Stearin  and  margarin,  to  wbidi  beef  and  malton 
fat  owe  their  solidity^  are  converted  into  glycnrin,  and  two  fatty  MaAi, 
which  arc  ttfarie  acid  for  stearin,  and  margane  acid  for  margarin ; 
while  utciii,  to  which  fats  owe  their  oleaginous  character,  is  traaa- 
fomtod  into  glycerin  and  oleie  add.  Id  Bcrt-ral  fatty  mhstaacos, 
Buoli  as  butter,  we  End,  in  addition,  small  q^oitntiticd  of  pectdiar 
fatty  Diatt€T8,  called  hutgrm^  caprin,  and  caprotn^  which  may  be 
considered  ae  oompouads  of  glycerin  with  volatile  acids,  differing  in 
each  of  those  substances,  and  which  have  been  called  butyric,  capric, 
■od  (Horoio  aeids.  We  bare  shown  that  butyric  acid  ia  formed  in 
a  ptevliar  fermentation  of  nugnr ;  and  it  will  now  soon  be  seen  llmt 
the  same  acid  ariocs,  as  also  capric  and  caprolc  acids,  from  the  ac- 
tion of  nitric  acid  on  stearin,  murgann,  and  otciu.  The  fat  of  the 
goat  contains,  in  addition  to  t)ie  ordinary  imuiediato  priocipleo,  a 
small  iiuonlity  of  a  peculiar  fut,  imllcd  hirew,  which  beliarea  like  a 
oompound  of  glycerin  and  a  pcculiiir  volatile  acid,  Afr^t'canj/.  Lastly, 
Mocherfatty  tftib^ftanco  is  found  in  fi^h-oils,  which  may  be  considered 
RA  a  compound  of  gljeerin  and  a  pL'culiar  acid,  called  pAc^enit',  ap 
pouring  to  bo  identical  nilli  valerianic  acid. 

A  peculiar  fat  subiftunce  is  extracted  from  the  head  of  the 
whale,  called  tpennaetii,  the  constitution  of  which  is  very  differ 
from  that  of  otupr  animal  fats,  since  it  does  not  contain  glycerin. ' 
in  ltd  stead  another  ncutrnl  substaxice,  called  ethal;  while  the  fat 
acid  which  is  combined  with  the  othal  baa  received  the  name  of 
ethalie  add. 

Lastly,  the  various  kind5  of  wax,  which  shoulil  t>c  cInsAcd  among 
the  fats,  from  the  definition  given  of  the  Uttor,  (§  151i(i,)  differ  com- 
pletely from  it  in  their  chemical  composiLion,  aa  sliall  presently  be 
shown. 

§  1503.  Stciuric,  margoric,  and  oloic  acids  are  weak  acids,  wbieh 
are  displaced  from  their  oompoimda  by  a  majority  of  the  other 
acids  ;  and  they  arc  ineolablc  in  water,  but  soluble  in  alcohol,  and 
very  feebly  in  ether.     Thev  are  less  eaaily  multed  than  the  proi 
mate  fatty  principles  which  produced  them,  and  they  do  not  dii 
without  alteration  imder  the  ordinary  pressure  of  the  atmoaphc 
They  ore  then  decomposed  at  a  tcmporamre  aboTo  570°,  yield 

very  complicated  protiucUt ;  but  they  may  Iw  distilled  in  vacuo, 

cause  the  distillation  is  then  cffocteA  at  a  much  lower  temperature. 

§  1694.  The  chemical  operatious  by  which  natural  fat  subtttaaoeB 
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•re  oonTerted  into  glycoria  onJ  fiit  acids  &re  kncrm  hy  the  general 
name  of  saponijication,  Tbcy  are  various ;  and  tli©  sapoaiScation 
of  fats  muy  be  cflvcteJ  citlivr  bj  alkaliiM  or  by  powerful  acids,  or 
bj  the  iwiioa  of  boat  alone. 

If  fats  l>e  heated  to  a  teiup«raturo  of  670°,  in  an  apparatus  tra- 
versed by  a  current  of  steam,  under  a  pressure  infeTiur  tu  that  of 
tbo  atmosphere,  the  glyceriD  is  converted  into  ecvcral  products 
soluble  in  water;  wbile  the  fat  acids,  set  free,  diatil  without  altera- 
tion; thus  furnishing  an  example  of  saponification  by  heat  alone. 

The  action  of  hot  alkaline  lixivite  decomposes  fats  and  oils  into 
glycerin,  which  dissolves  in  the  aquooua  liijmd,  and  into  fat  acidti, 
which  combine  with  the  alkali  and  form  salts,  commonly  called^ 
toapWy  which  are  iuHulublv  lu  the  alkuline  liquor,  but  readily  dissolve 
ID  a  sufficient  quautitv  of  irater.  Tliis  operation,  called  aaponi^ 
cation  by  beuet,  may  oe  eOectvd  not  only  by  alkaline  haaea,  sueh 
as  pota^,  6oda,  and  ammonia,  but  also  by  other  metallic  oxides 
which  possess  puwcrfti!  baaic  properties,  such  as  baryta,  stroatia, 
time,  and  tile  protoxldeBof  lemlncid  icinc.  The  other  metallic  oxides 
DO  longer  product!  the  saponification  of  fata,  that  la,  their  dccom- 
pooitiou  into  glycerin  and  fat  acids ;  while  they  may  eonibiuc  with  tho 
isolated  fut  acids  iMd  form  iusulublo  soaps.  Water  is  generated 
duriau  saponification,  for  the  united  weight  of  the  glyoorin  and  fat 
acida  IS  greater  than  the  weight  of  the  original  fat.  The  neutral 
alkaline  carbonates  can  also  oSbcl  the  saponiEcation  of  fata,  in 
which  ease  they  (Kirt  nith  une-half  of  their  alkali,  which  produces 
upontficalion,  while  the  other  half  retains  all  the  carhoulc  acid  in 
tbo  shape  of  bicarbonate  ;  carbonic  acid  being  disengaged  only  if 
beat  is  applied,  because  tbc  bicarbonate  is  then  deoomposed. 

Powerful  acids,  such  as  siilplmric,  also  elTeec  the  saponification 
of  fats :  and  if  the  proportion  of  acid  be  not  very  great,  the  fat  acid 
is  ieelatod,  the  glycerin  cotnbiuing  with  the  animal  acid  to  form  a 
compound  acid.  If  the  weight  of  the  mineral  acid  exceed  the  half 
of  tluit  of  the  fat  acid,  it  often  coinhiiicii  with  the  latter,  producing 
tufyheijiycerh,  gulpkostearKy  galphomargaric,  and  tidpholeie  aeidt, 
Snudlcr  quantities  of  sulphuric  ncid  are  however  sometimeei  used  to 
purify  the  oils  intended  for  burning  in  lumps,  in  which  case  tbe  acid 
aelecLs  the  foreign  substaneen  more  vastly  acted  on,  contained  in  the 
0U4,  dissolving  tticm,  and  eSecting  only  an  insensible  saponification. 

§  ]i){)5,  Ko  fatty  substance  is  soluble  in  water,  which  dees  not 
even  moisten  them;  while  they  are  somewhat  soluble  in  abaolote 
alcohol  and  wood-spirit,  ether  and  the  essential  oils  dissolnng  them 
ranch  moro  freely.  Tlie  liquid  fats  are  the  best  solvents  of  solid 
fats.  We  have  seen  that  natural  fats  ara  rarely  simple,  nearly 
always  mixtures  or  indefinite  compounds  of  various  different  fatty 
Bubstancea,  which  are  separated  only  with  ttie  greatest  difficulty. 
Wlicn  tho  fat  is  solid,  it  is  sufficient  to  melt  it,  and  allow  it  to  cool 
slowly,  to  ohsetre  tu  it  the  formiug  of  solid  lumps,  the  uaturo  of 
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which  differs  from  the  liqtud  port.  So  again,  cerUin  fatty  otid, 
olivo-oil,  for  pxnmple,  deposlu,  ov  slow  cooling,  more  or  1«bs  oopioua 
Socculi,  which  differ  from  the  hqiiid  portion;  and  bj  ozpreMUtt 
thne  solidified  portioiu  bclwecn  tisau(»-jiaper,  a  Inrge  fjasndty  oi 
interstitial  liquid  oil  can  be  t^cpsntcd,  fnmiiihing  a  mixture  of 
steKrin  ntid  m&rgftriii,  adulterated  nivrcly  vith  a  smull  qttuitity  of 
oleio,  Xhe  proportions  of  stearin  and  margarin  iu  the  sabsCaaen 
expressed  vary  according  to  th«  nature  of  tbv  original  fabe.  When 
they  are  yielded  by  mutton  or  beef  fat,  or  lard,  tney  are  eomposed 
almost  vrnolly  of  atearin ;  while,  if  fuiuished  by  human  fat  or  olive- 
oil,  thcr  consist  chiefly  of  margarin.  Theite  snbittances  may  be  mora 
^perfeolly  isolated  by  a  proper  use  of  solveats. 

The  immediate  flnid  conatituciit  of  animal  fats,  olein,  is  still 
difficult  to  itokte,  the  oil  which  flows  from  the  compresMon  of  i 
fata  being  olcin  saturated  with  stearin  or  margarin.  The  most  flo 
vegetable  oiU  are  themeelTes  olcin,  contuuing  moro  or  less 
and  margarin  in  solution ;  and  hy  cooling  them  gmdually  and 
canting  the  fluid,  a  large  portion  of  the  solid  constituent  taay 
Beparated;  or  the  oil  may  also  be  shiUccn  with  alcohol,  which 
sufes  the  olein  much  more  freely  than  the  steuriu  and 
and  tho  alcoholic  solution  may  be  vvuporateA  but  all  these 
cesses  never  effi-cl  a  perfect  separation.  It  is  moreover  liighly  pro- 
bable that  stearin,  marcarin,  and  olein  arc  not  merely  mixed  in  the 
minority  of  fats,  and  that  tliey  are  in  the  state  of  indefinite  com- 
pounds. 

Olein  does  not  appear  to  be  identical  in  the  various  vegetable  i 
since  scrcral  ehcmical  cxpcnmcnts  seem  to  prove  that  it  differs  i|1 
the  drying  and  non-drying  oils.     If,  for  example,  a  non-drying  i " 
such  as  olive-oil,  bo  agitated  with  a  small  quantity  of  hyponit 
aotd,  or  with  a  solution  of  gubuitruto  of  mereory,  which  oont 
bynoniiric  acid,  the  oil  becomes  completely  solid  after  some 
ana  is  converted  into  a  cr^'stallino  substaacc,  elatdin.     Drying 
do  not  possess  tlils  property,  which  thus  furnislioa  a  test,  applie 
to  commercial  purposes,  of  the  purity  of  olive-oil,  which  is  ... 
quently  adulteruCed  with  other  vegetable  oils,  and  partictdarly  wit 
poppy-oil. 

r  at  acids  which  arc  capable  of  crpttalliution  may  be  obt 
in  a  state  of  purity,  and  since  tbey  at  the  same  time  form  a 
number  of  definite  compounds,  their  properties  and  chemical 
position  have  been  more  accurately  oDcurtained  than  tboae  of  tl 
fals  which  furnish  them.     Ncvcrthclotu,  uncertainties  still  exist, 
account  of  the  vor^-  high  value  of  their  chemical  equivatenu;  tl 
amalloBt  errors  in  analyses  corresponding  to  1  or  several  eqnivaleofe 
of  simple  elements,  and  sufficing  to  change  the  formulae. 

We  shall  exntnino  only  the  most  important  and  most  comma 
fatty  substances,  commencing  with  the  sttudy  of  glycerin,  which 
anesaentialandcouitant  principle  of  the  majority  of  tnesesiibdt 
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^P  $1696.  The  most  simple  method  of  preparing  glycerin  consuU 
^  in  heating  fata  with  protoxide  of  lead,  in  the  presence  of  wstcr, 
irheo  aaponificiiUon  is  aoon  effected,  an  tnsolable  soap  of  lead  being 
fbnned,  while  the  glycerin  remains  dissolred  in  the  water.  The 
aqueous  eolation  is  subjected  to  a  current  of  sulf  hy<tric  ga»,  vihitAk 
precipitates  a  small  ([uantity  of  oxide  of  lead  dtitsolved  in  it  in  the 
Btate  of  sulpltide;  after  which  it  is  coneentrated  at  a  gentle  beat, 
and  the  cvapuratton  completed  in  vacuo, 

Glycprin,  dried  in  vacuo  at  2l;i',  is  a  syrupy,  calourlese^  inodor- 
ous )ii(iud,  lasting  like  Hugur,  from  whicU  circumstance  it  has  dc- 
rive<I  il8  name,  (y«.v»J(,  sneet^)  insoluble  in  Kater,  but  soluble  in  all 
proportions  iu  alculiol  and  ether.  It  is  decompoacd  by  hcot,  yielding 
very  complex  produet.<«;  among  which  is  remarked  an  oily,  colourloia, 
extremely  diaagreeable-smelliug  liquid,  called  acrolein,  and  present- 
ing  the  formnla  CgU.Of  Oxidisung  mihstaooea,  Bach  as  ordinary 
lutric  acid,  or  a  mixture  of  stdphuric  aciil  and  peroxide  of  manffih- 
new,  form  with  glycerin,  oxalic,  formic,  and  carbonic  aciib.  Chlonoe 
and  bromine  act  on  glycerin,  and  form  chlorinated  and  bromioated 
ontapound.s,  which  can  only  be  cxprcxscd  in  equivalents  by  doubling 
the  ordinary  formula  of  glycerin,  that  is,  by  writing  it  C^^fi^iS.O, 
'^m  which  furnisbt--^, 

^^  Original  glycerin CuHuO,„3EIOy 

H  Trichlorinated  "  Ci,lI„ClsO,„ 

H,  Tribrominated  "  CuUnBrjO,^ 

^B^nt  it  is  difBcnIt  to  decide  the  question,  owing  to  the  want  of  means 
^Vf)f  asccrtuniag  the  purity  of  the  chlorinated  and  brominated  sub- 
stances,  inasmuch  as  they  do  not  crystallize. 

By  mixing  2  parts  of  concentrated  sulphuric  acid  with  1  part  of 

fljcerin,  combination  ensues,  with  eleratioD  of  temperature ;  and 
y  baring  the  mixture  to  itself  for  some  time,  shaking  it  frequently, 
an  acid  compound,  fulphoffltfcertc  acid,  is  produced,  which  forms 
soluble  salts  with  lime  and  oxide  of  lead;  the  lime-salt  being  pro- 
pared  by  adding  water  to  the  mixture,  saturating  it  with  chalk,  and 
filtering  to  eeporatc  the  sul  pliateof  lime.  The  liquor,  when  evaporated, 
yields  sulphoglyceratc  of  lime,  of  which  the  formula,  when  it  is 
dried  at  aiS"  in  Tacuo,  is  CsO(C,HjO,,2SOs),  and  which  dissolve* 
ID  one-half  of  its  weight  in  water,  but  it  is  insohiblo  in  aloobol  and 
etbcr. 

Glycerin  also  beoomea  heated  when  it  is  mixed  witli  anhydrotu 

or  hydrated  phosphoric  acid ;  a  photphoi/tycfrie  acid,  which  dissolves 

ID  water,  being  lormed.     By  saturating  the  liquid  with  carbonaU 

of  baryta,  and  lastly  by  caustic  baryta,  the  free  phoaphortc  acid  il 

^■U^pitated  in  the  state  of  phosphate  of  baryta,  while  the  liquid 

^■eontains  phorpkoglifeerate  of  baryta,  which  is  separated  by  evapon- 
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tion.    The  fonnala  of  ibis  salt,  drica  kt  284^,  is  2B&O,(O,nT0p 

Pnosphoglyceric  aci<l  b&8  been  foand  ready  formed  in  the  yelk 

Smplioglyccrie  and  phospboglyccric  neids  yield  *  largo  quantity 
of  wcroknn  when  they  «re  dccomposcil  by  beat;  wkicb  ia,  in  fact,  the 
[Iwat  method  of  propariug  iliis  substance.  ^^ 

iStiorin  and  Stearic  Acid.  ^^ 

§  1597.  Tho  most  cmcioDt  method  of  bolating  atearin  cooslau  in 
mcltiiig  tallow  with  oil  of  tpqwntinc,  when  the  oil,  after  being  de- 

)Cant«<l,  dvpusits  a  suUd  sabataucc  on  cooling,  which  in  »uhjcrtcd  to 
sure  hctwctn  the  folds  of  tissue-nnper  in  a  proM.    After  bang 
rly  treated  several  times,  it  is  oiaaolved  in  ether,  with  the  ■»- 

I  Bstanco  of  heat,  vbeo  the  greater  portion  of  it  is  again  deposited 
On  cooling.  The  stearin  thus  obtained  ia  considered  ax  pure. 
Chemical  analysifi,  nddod  to  the  Icnowledge  of  its  prodacU  of  sapo- 

.  lufication,  bare  assigned  to  Btcarin  tho  fonnata  CiaU,uO,G,  which  ia 
more  properly  written  (C(H,Oj+rtO),2C„n„0,. 

Stearin  is  therefore  admitted  to  be  an  acid  oompoimd,  oiulogoa 
tosulpboTinicacid(C,n,0,H0)2S0^and  formed  by  the  combinatioB 
of  2  cqnir.  of  stearic  acid  C^HjiOj  with  1  eqair.  of  glyeeria  and  1 
eqiiiv.  of  water. 

Stearin  cryKtalHicd  in  ether  forms  Binall  white  lamcllie,  of  a 
pearly  lustre,  meltiog  at  from  140"  to  144",  and  setting,  on  cooling, 
into  a  white  opake  mass,  presenting  no  appearance  of  crystalUia- 
tion.  It  is  completely  insoluble  in  water,  bat  dissolves  in  B  ptuu 
of  boiling  alcohol,  separating  from  it  almost  cntiroly  on  co<^g; 
while  ether  dissolves  a  large  proportion  of  it  al  ihc  botTtng  point,  but 
when  cooled  only  retains  about  ^. 

§  1608.  Stearic  acid  ii  an  important  article  of  commerce,  of  whicli 
caudles,  called  stearic  candtet,  arc  made.  It  is  prepared  by  sapo- 
nifying beef  or  mattoTi  suet  by  lime :  500  kilog.  of  snet  and  800 
litres  of  water  arc  placed  in  a  wooden  vat,  holding  2000  litriM,  and 
lined  with  lead,  and  heated  by  steam  conveyed  directly  into  tho  m 
by  means  of  a  circular  tube  pierced  with  holes;  and  when  the  saet 
is  melted,  about  GOO  litres  of  a  eolation  of  lime,  cnntaining  t>0  kilog. 
of  quicklime,  its  added,  and  the  mixture  is  continually  stirred.  After 
6  or  7  hours,  tho  saponification  is  terminated,  and  the  soap  of  lois 
has  formed  a  conustcnt  mass,  which  becomes  rery  hard  on  cooUu. 
It  is  reduced  to  a  fiuo  powder,  and  decomposed  bv  sulphuric  too, 
diluted  with  water,  in  Tat£  eimilar  to  the  first,  and  Waled  by  steaa, 
when  tho  fatty  acids,  set  free,  form  an  oily  layer  on  the  svufaco  of 
tlie  acid  liquids. 

_  Tho  melted  fat  is  decanted,  and  waahod  several  times,  whDe  ho^ 
with  water  charged  with  sulphuric  acid,  and  then  with  fresh  water; 
and  it  is  finally  j-un  into  tiu  moulds,  forming  cakes  of  2  or  4  '  " 


stejIXIc  acids. 

tn  wctj;))t.  This  maes,  vhich  is  ^tiU  n  mixture  of  etcaric,  marg&ric, 
«nd  oleic  acids,  is  finit  powerfully  compressed  when  cold,  in  order 
to  express  the  sweater  part  of  the  oleic  acid,  and  then  at  n  tonipcm- 
tOTQof  90*  or  100°,  to  drive  ont  the  renminder.  The  oleic  acid  ihos 
expresaed  is  of  a  deep  brown  colour,  and  coatAins  aearW  all  the 
aiargaric,  TiesidcH  a.  certain  quantity  of  stearic  acid.  The  cifccs 
remaining  after  this  compression  are  asnin  melted,  in  contact  with 
a  dilute  solution  of  sulphuric  add,  which  removcii  the  last  traces  of 
lime  from  the  fatty  Rubetance;  after  which  it  ia  freed  from  the  ad- 
hering acid  hy  washing  it  in  boiling  wntnr.  It  Is  then  ponred  into 
.sioalus,  where  it  bucutuea  BoUd,  and  is  thus  brought  into  oommeree 
:aa  refinctl  stearic  acid,  used  for  the  manufacturo  of  candles. 

§  1599.  Large  quaiititieii  of  -tolid  fat  acids  are  now  prepared  for 
the  manufacture  of  stearic  cundlca  by  a  very  iagcniotui  process,  in 
which  Baponification  by  wlphuric  acid  ia  combined  with  diutillatioii 
of  the  fat  acids,  in  inteosely  heated  etoam,  having  but  little  tcnsioD. 
This  process  enables  the  Me  of  fat*  of  all  kiude,  and  of  the  most 
inferior  quaUtioa. 

The  fats,  placed  in  boilers  heated  by  steam,  are  first  treated  wiih 

^«  quantity  of  concentrated  sulphuric  acid,  which  varies  from  rt  to  15 

LSer  CGot.,  accordine  to  the  nature  of  the  fat.     The  temperature 

[wing  raised  to  212**,  and  kept  at  that  point  for  15  or  20  hours, 

under  constant  stirriuf*,  the  fat  acids  are  set  free,  and  the  glycerin 

is  almost  wbolly  converted  into  Bulphogljceric  acid ;  while  the  greater 

portion  of  thu  foreign  subatanoea  are  deetrovcd  by  the  nuTphuric 

acid,  yielding  carbonaceous  reudaes  and  products  Boluble  in  water. 

The  fat  acids  are  wwhcd  with  water,  and  then  placed  in  ft  distilUag 

apparatus  through  which  sieam  heated  to  about  600*  is  passed, 

with  an  elastic  force  inferior  to  that  of  the  atmosphere,  when  the 

iat  adds  distil  with  the  water,  and  hy  pressure  con  be  brought  into 

,  fftate  fitted  for  iiw  manufacture  of  cuudlcs. 

S  1600.  Very  pure  stearic  acid  may  bf:  obtained,  for  laboratory 

parposeB,  by  cryHialliaing  the  stearic  acid  of  eommoroe  several  times 

UL  hoiliiig  alcohol. 

Stearic  acid  yields,  hy  slow  cooliug,  beautiful  and  pearly  crystals, 
melting  at  l^S'',  and  at  a  tcmperAtorc  of  570**  giring  offnpour 
without  alti-rattou.  It  may  be  dislilled  in  vacuo,  and  is  completely 
insoluble  iu  water,  but  very  soluble  in  boiliTig  alcohol  and  ccber. 
The  fumiulit  of  crystallized  stearic  acid  is  C^ll^O;.,  which  Bhouhl  bs 
written  Cj,H^Oj,2IiO,  since  2  equiv.  of  a  hase  may  be  subetitvlad 
for  'i  equiv,  of  water;  showing  it,  therefore,  to  he  a  bibaflir  acid. 

The  acid  forms  two  salts  with  potassa:  bipoUusic  tUaraie  2K0, 
C«H,aOj,  and  monopotataic  sttarate  (K0  +  H0j,C|glI«.O,.'  The 
Umavc  ia  obtained  by  treating  stearic  acid  with  an  «qau  wei||l*  tt 
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hydrate  of  potasss,  diB»olve«l  in  20  paits  of  vatcr,  ■when  llit  rah 
remuna  in  uo  form  of  clotD,  which  ure  cuuipre^vd  between  tiAaiic- 
paper.  It  is  then  redissalvcd  in  15  ar  20  purta  of  boiling  alcohol, 
anii  the  liquid  allowed  to  oool,  whoQ  the  bipotatwic  8t*>arate  ia  de- 
poeited  in  white  cr;»talliiie  lamollw.  It  diissolvee  without  change 
in  10  times  its  weight  «f  water,  hut,  when  co\i,  producoH  onljr  a 
mucilaginous  liquid,  which  docs  not  become  perfectly  fluid  and  limpid 
unlesa  it  l>e  hea.ted  to  boiling.  \Snieu  a  larger  ({uautitjr  of  water  ia 
poured  into  tluH  solution,  a  clouded,  opaliziiig  liquid  is  obtained,  is 
which  a  large  number  of  smull  crystalline  apanglcB  of  cxtrciae  do- 
lieacyewim,  and  which  eoUlc  to  tho  bottom  of  tho  vessel,  if  it  b« 
allowed  tu  rest.  Thcs«  email  crystals  oomttitule  monopotneaio  stov 
ralo,  of  which  the  formula  is  (KO+HO),Co,U«Oj.  Alcohol  do« 
not  efil-ct  thia  dccuiupuaitiuu  iu  the  htpotaano  Btearatc. 

Sods  forms  two  stcarites  nnalogous  to  those  of  potoesa :  atear&tca 
of  barvta,  strontinn,  aud  lime,  which  present  the  formula  2B0, 
G|^^Op  are  prepared  by  double  deconiposition  from  the  bipiy 
toaste  &t«arutc,  and  arc  completely  insolnblo  in  water.  The  lead- 
sall  is  ohtain<>i  in  the  same  wny,  but  the  stearate  of  lead  osed  in 
phannaCT  for  the  making  of  pla$tert  is  prepared  by  directly  sapo- 
nifying Ma  by  litharge  in  the  presence  of  water.  Spring-water  is 
gCDcrally  hard,  and  is  then  unsuitiille  for  washing,  owing  to  the 
preeence  of  calcareons  salus  which  decompose  the  alkaline  eoapa  ts 
they  form,  and  make  insolublo  soaps;  and  alkaline  soap  van  only 
dtsBolre  whoa  the  calcareons  salts  are  completely  decomposeo. 
Water  is  rendered  fit  for  washing  by  adding  a  small  quantity  «f 
carbonate  of  foda,  which  decomposes  tho  ealts  of  lime.  ^h 

Stearic  ncid  forms  rinottearic  nnd  wethyhttearie  rthtrt,  wli^H 
are  obtained  by  dissolving  stearic  acid  lu  absolute  alcohol  or  woo* 
spirit,  and  passing  through  it  a  current  of  chlorohydric  acid  gai; 
when  the  ethers,  after  being  precipitated  by  water  and  cryatalmed 
in  alcohol,  form  white  substances  of  a  greasy  lustre,  and  meltii: 
from  86*  to  95*. 
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Margaric  Acid  C«H«0p2HO. 

Sli^Ol.  By  decompofting  with  acids  a  soap  made  of  httmoQ  fat.  a 
mixture  of  fatty  acids  is  obtained,  molting  at  about  1&6*,  and  which 
ia  considered  as  composed  solely  of  margaric  and  oleic  acids.  Mar- 
garic acid  is  supposed  to  be  produced  by  the  saponification  of  a  sim- 
ple fat,  margarin,  hut  whicn  probably  exists  in  combination  with 
olcin.  Margaric  acid  ia  aUo  formed  in  the  distDlation  of  steaiic 
acid  nnd  the  fats  in  general,  a»  well  as  when  the  latter  aro  subjected 
to  the  action  of  oxidiziug  reagents.  Chemists  arc  not  agreed  npon 
the  formula  of  margnric  acid ;  and  while  some  write  it  CaH^Ot, 
2H0,  a  formulti  which  differs  from  that  of  stearic  acid  by  1  cquira- 
lent  of  oxygen,  others  assert  that  its  composition  is  identical ' 
that  of  stearic  acid. 
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The  best  method  of  preparing  murgaric  »cid  consists  in  gaponifjr- 
rog  human  fat  or  otirc-oil  by  potaasa,  and  pouring  ncctstc  of  lead 
into  the  solntion.  which  viclds  a.  precipitate  of  inarcarat«  and  oleate 
of  IcaJ.  The  precipitate  heing  treated  fiereral  tunes  with  ether, 
vhich  compIrtrW  diiualvefl  the  olente  of  lead,  aad  a  maoh  Bmaller 
proportion  of  mar^arstc,  the  remaininf;  mitrgarate  of  lead  is  decom- 
|K>Md  hy  dilute  nitric  acid,  and  the  margaric  acid  ariain^;  from  it  is 
{mrified  by  crystallization  in  alcoliol.  In  its  physical  properties, 
mnrgaric  closely  resembles  stearic  acid,  but  it  melts  at  u  lower 
temporatiire,  vli.  at  140'.  It  furmii  two  salLi  with  potaua:  tbe 
hipotmtic  margarate  2KO,C„H«06,  and  the  monopotmttc  marga- 
rate  (KO+HO),C„Hj(Ofl ;  wnich  arc  formed  under  the  same  circnm- 
stanoM  u  tbe  corrogponding  ^tearatcs,  and  nearly  resemble  them. 

k  Oleic  Acid  C^JS^^O^UO. 

5 1602.  In  order  to  separate  this  acid,  oils  very  rich  in  olein,  such 
OS  olive-oil  and  oil  of  almonds,  are  saponified  by  potussa;  when  the 
soap  is  decomposed  by  tartaric  acid,  and  the  fatty  acids  which  sepa- 
rate are  decanted.  The  ktter  are  digeated  in  a  water-bath  with 
one-half  of  their  weight  of  finely-powdered  oxide  of  lead,  thus  form* 
ing  a  soap  of  lead,  consisting  of  both  tbe  oleate  and  tbe  morgarate. 
This  soap  is  digested  for  Ik  hotir»  with  twice  its  volnme  of  ether, 
which  dissolves  the  oleate,  und  the  ethei^al  liquor  being  evapo- 
rated, the  oleate  of  lead  is  decomposed  by  chloroliydric  acfd.  The 
oleic  acid  thus  obtained  is,  however,  not  pure,  and  must  be  redia- 
solrcd  in  ammonia,  precipitated  by  chldride  of  bnriuin,  and  the  oleate 
of  baryta  must  he  purified  by  several  crystallizations  in  boiling  alco- 
hol. Lattlly,  tho  nlcatc  of  baryta  is  dccompoBctl  by  tartaric  acid, 
operating  in  a  bullle  perfectly  fitted  and  wull  eorki>d,  to  prvvent  the 
oleio  acid  from  absorbing  tho  oxygen  of  tho  air. 

Oleic  acid  is  a  colourless  litimd,  solidifying  below  SS.B*",  and 
maolublc  in  water,  lut  very  aolublo  in  alcohol,  ether,  and  the  essen- 
tial oils-  It  does  not  redden  litmus,  even  when  dissolved  in  alcohol; 
and  it  readily  aNsorbs  oxygen  from  tho  air.  The  formula  C^IIjO^ 
HO,  which  has  generally  been  assigned  to  this  aciil,  should  probably 
be  doubled  and  written  C--H^0^2H0,  in  which  latter  case  the  acid 
would  be  considered  ashibaeic.  Oleic  acid  is  decomposed  by  heat, 
but  may  nevertheipss  be  distilled  in  vacuo.  The  products  of  its 
decomposicioR  are  very  various ;  and  a  fatty  acid,  called  ttbatxc, 
which  characterlites  oleic  acid  under  these  circumstances,  is  remarked 
among  theiu.  Treated  with  nitrous  acid,  oleic  acid  is  easily  trans- 
fonned  into  an  isouienc  modification,  elaidie  aeid,  which  sets  into  a 
crystalline  mass,  and  which  sliows  a  very  strong  acid  reaction.  It 
dissolves  in  boiling  olcohol,  and  Beporatcs  partly  from  it,  on  cooling, 
in  large  crrslailino  lainelliB,  which  melt  only  at  111.2".  ,t,  of  ni- 
troua  acid  will  i-ITect  the  transfonnation  of  oleic  acid,  but  it  rapidly 
increases  with  the  quantity  of  nitrous  acid  used.    Ehudic  ooid 
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oxidiiM  npidl;  ia  the  air,  {Artivuloii^  If 
ICO-*. 

The  alkaline  oleates  are  reaiiily  fonncd 
in  alkaliD«  lixivisc,  or  by  treating  the  all 
alcoboUc  iwtulion  of  oleic  acid;  other  mctall 
by  donttlo  decomposition.  Tbo  formulu.  of 
CjiIImO^  a  large  quantity  of  water  dcoonq 
salts  contatnine  a  smaller  proporttun  of  basi 
dMompoeitioD  u  however  less  readily  effcd 
and  margarates. 

ACTION  OF  StlLPBintlC  ACID  OX  TS 

§  160S.  When  sulphuric  acid  is  made  to 
ifl  deeompomd  in  tho  same  manner  aa  wl 
hydtatea  aUcoliea;  etcaric  acid  ht'ini;  set 
cotnhioiag  with  the  sulphuric  acid  to  fomi 
is  OS  yet  unknown  what  reaction  sulphnne 
or  on  oleiu  when  isolated ;  the  reaction  on 
are  mixtures  oi  compounds  of  th  wc  two  suh 
on  olire-oD,  haviiig  hillivno  only  been  stnci 

When  olivCMjil  u  treated  with  one-half 
tnited  sulphuric  acid,  by  placing  the  bottle 
staaoes  in  a  refrigerating  mixture,  in  ordai 
of  temperature,  a  hotnogeneous  lir|uid  of 
formed,  compotied  of  nalphogtyccric  neid 
adds,  called  sulphomargark  and  eulphoU 
excess  of  cold  milnhurlc  acid,  the  Buiphoi 
acida  are  eeparatou  frum  the  eulphaglrcert 
sulution,  while  they  form  an  oily  coating  ( 
removed  and  washed  with  a  atnaU  ciimatity 
the  sulphuric  acid.  These  adtis  dissolve  P 
bol,  and  form  well-defined  salts.  Their  i 
poses  spontaneoaily  In  chc  cold,  and  mor 
point,  into  sulphuric  acid,  and  new  fat  acitj 
iTom  margaric  and  oleic  aclrls  only  by  th 
6i]uivalents  of  water,  l^largarin  yields  tb 
garic,  hpdromargarit;  and  httdrmnargariti 
nisliea  but  two,  nteioleie  and  ht/droleie  at 
derirvd  from  morgarin  arc  solid  at  the  ordii 
luurgaric  acid  raelliDg  at  122*,  hydromarg] 
raarcaritio  at  IS-t*;  while  metoieic  and  1 
ticiuidii.  All  the  new  fat  acids,  being  insoli 
soliiblc  in  alcohol  and  ether. 

Mctolcic  and  hydrolcic  acidn,  carefully 
deeomposcd,  and  (h^engagc  pure  carbonic  t 
some  empyrcumatic  autwtances,  an  oily  li(]ti 
Bieric  carburcitod  hydrogens,  presenting  th 
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gas,  condense  id  the  receiver,  and  ma-j  be  separated  bj  distillAtioi 
at  different  tetnperainreB.  The  first,  ofr-fi),  boils  at  131*,  ban  a 
disagreeable  and  penetrating  odour,  and  the  density  of  ibt  vapoar 
has  been  found  to  be  S.i47,  vhile  its  formula  ix  C^II^, 'nhich  is 
represented  bj  4  rolumes  of  vapour.  Tlie  second  coinpound,  etaeay 
the  formula  of  vrhicb  appears  to  be  CiiII,b,  boils  at  2Si)". 

ACTIOS  OF  NITRIC  ACID  ON  STEARIC,  MAXQARIC,  AND  OLEIC  ACIDS. 

§1601.  Kitriv  ucid  reacts  t-nrrgcticull^  on  tbc  fat  aciJii,  forming 
widi  them  very  complicated  proJuets,  among  which  are  some  new 
and  higbly  intorcsting  acidi.  Since  during  the  first  periods  of  the 
reaction  of  nitric  on  stearic  acid  the  latter  is  coDvertoalato  margaric 
acid,  the  prodacta  aflfordcd  by  margaric  and  oleic  acid^  only  remun 
to  be  described.  The  iitttinate  prodiicls  of  the  reaction  are  TCry 
ooraplioated,  and  may  be  divided  into  two  classes  :  th«  volatile  acids 
which  condense  in  the  receiver,  uoid  the  fixed  or  slightly  volatile 
acids  which  remain  in  the  retort  Wc  ehaU  here  enumerate  them 
vith  their  rommln,  in  order  that  the  curious  relatjon  between  them 
may  bo  more  easily  eecn.  The  fourth  column  contains  the  carbu- 
retted  Iiydrogens  trom  which  they  may  be  sopposed  to  be  derired 
by  MibHtitutiou. 

ValMUs  AcUl 


Formis 

acid  .. 

...  C.H,0, 

or  c,  n  o^no ... 

...  C.H. 

Acetic 

it 

...  C.H.O, 

O.HjO^HO... 

...  C.H, 

Acetonic 

n 

....  C,H,0. 

GJl.OyUO... 

...  c.n,. 

Butyric 

ti 

....  C,H,0. 

c,n,o,.Ho... 

...  C,Hrt 

Valerianio 

<« 

...  cjr.A 

C„II,0„HO... 

...  CioHuv 

Caproic 

(4 

....  CJI,,0, 

Cali.iOpllO  ... 

...  C„Hu 

(Enanthylic 

II 

....  C,.H..O. 

c„n^,o^HO ... 

...  C„H„ 

Caprylic 

!<• 

...  C„H.,0, 

C„H,A.HO... 

...  C,jH|, 

Pelargooic 

tl 

....  C^J), 

C„H.,0„HO  ... 

...  C^H^ 

C&pric 

U 

....  C„H»0. 

C„H„0„HO... 

-C„H- 

It  -will  be  seen  that  if  (he  equiralent  of  basic  water  be  not  aepa- 
ratod  in  tho  formula,  all  these  acids  maybe  regarded  ae  compounds 
of  4  equivalents  of  oxygen  with  carburctted  hydrogOQ  isomeric  with 
olefiaat  gas.  If,  on  the  contrary,  the  basic  wat«r  be  isolated,  tboy 
may  be  regarded  as  resulting  from  the  sabstitudon  of  i  equivalents 
of  oxygen  for  3  efjiuvaleats  of  hydrogen  in  carburetled  hydrogwis 
of  nliich  the  general  formula  is  0^11},^,  (n  being  a  whole  number:) 
but  only  one  of  these  carbureUed  hydrogens,  the  protocarba- 
TCltcd  0,H„  ia  as  yet  known  with  certainly." 

*  Tbla  tlieorr  liu  tXnmij  beoa  aotlood  in  tht  aat«  to  |  IWl,  wWe  It  Is  also 
abowo  that  tli«  ftcidj  in,  th*  tbovg  ubio  m«y  more  pnpfrlf  ht  cooridtrcd  m 
axalio  acid  pkliod  wiUi  cnv  «<)4iv.  «[  ■  «4rW«tted  hjrdiDSMi  of  tke  {Wcnl 
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Tbo  slightly  Tolatilc  acids  wliieh  remain  in  tho  retort  are 

Snccinio  acid  CgHoO,  or  C,II,0„2HO 

Adipic       «     0„U„0.       CaII,0„2H0 

PimcUc      «     C„H„0.       C„H„0^2H0 

Suberic      «     C„H,.0,       C„H„0,,2nO 

SeUcic     "     C^uO,       C^„0„2HO 

If  vo  omit  the  basic  water  contained  tn  the  foruiala,  we  shall 
find  all  thc-eo  acids  to  ro;ult  from  tbo  combinatkia  of  8  equivalent* 
of  ojcjrgen  witli  the  carburettcd  hydrogens  of  which  the  general 
formula  ia  Cp,U*^,j. 

§1005.  luomcrtoohtain  these  various  prodaets, it  tflneccssotr  to 
operate  ona  Eomewh&t  considerable  quantity  of  oleic  ucid.  ThcDitric 
add  should  be  first  introiluced  by  ili««If  into  a  iabalut«d  retort,  and 
boated  to  120°  or  140°,thool«ic  acid  being  added  by  small  quantities 
at  a  time.  Violent  reaction  cosues  at  each  addition;  aud  whi-a  all 
the  oleic  acid  has  been  poured  into  the  retort,  the  heat  is  continued 
ujitii  rcactioa  ceases.  The  liquid  collected  ia  the  receiyer  conaiita 
of  water  containing  the  most  soluble  of  the  rolatile  acids,  such  as 
formic,  acetic,  acctouic,  and  butyric  acids,  covered  by  an  oily  layer 
which  ctmtains  the  valeriaoin  and  other  acids.  The  latter  !.<<  de- 
canted, BStarated  with  water  of  baryta,  and  the  variom  salts  of 
batyta  formed  are  separated  by  succcuaire  cnrBtalliKations.  The 
e*proatc  of  baryta  orystallixea  first,  and  then  successively  the 
ccoanthylate,  the  caprylfttc,  the  pelargonate,  the  csprate,  and 
lastly  the  valeriaaate  of  baryta. 

The  more  volatile  acidis  vhen  dissolved  in  water,  are  satnrated 
by  carbonate  of  soda,  and  the  Bolutlon  evaporated;  when  tho  first 
crystals  deposited  from  the  cold  solution  are  acetate  of  soda;  wfaila  , 
if  sulphuric  acid  be  theo  poured  into  the  mother  liquid,  an  oily  l\j^H 
composed  of  butyric  and  metacetomc  acids,  is  separated.  ^^^ 

When  the  slightly  volatile  acids  which  remain  in  the  retort  are 
chiefly  sought  to  bo  obtained,  tho  action  of  tho  nitric  ncid  most  Dot 
be  too  much  prolonged,  since  a  portion  of  them  would  then  bo  de- 
stroyed. The  oleic  acid  ia  then  acted  on  by  double  its  weight  of 
nitnc  acid,  and  the  action  is  continued  until  no  more  reddish 
vapours  are  disengaged,  when  a  portion  of  the  oleic  acid  has  dis- 
appeared, being  converted  into  products  wliich  di^teolve  in  the 
aqueous  liquid.  The  supemutaiit  oil  is  decanted,  and  again  acted 
on  by  nitnc  acid  ',  thid  proccas  being  continued  until  it  bos  nearly 
disappeared,  when  the  slightly  volatile  acids  are  found  in  the 
vateiy  liquids  arising  &«m  this  treatment.  jm^ 

formuU  C^H„»,.     Tli«  fabilitnttcn  ot  oxygen  for  hv<Jro£fD  ii  in  no  0M«  •<I»I»- ' 
•ibl«:  kod  irkll«  cf  tht  liyincwtooM  aMiiaMd  in  lii»  l«it  ks  lh«  r«ill{kli  onlr 
«a«  it  kvovn,  ««tenl  nf  the  fonniilft  ja«t  mnntianed  hare  b««a  l«atftl«<l,  taek 
MineUiylC,H.  •tbjlC.H,,  taI^I  C,H„  ond  unyl  C„U„.— »'.  L./*. 
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Sueemic  Acid  C,1I,0«,2H0. 

S  1606.  Saecinic  acid  »  produc<Ml  not  only  hy  the  actior  of  nitric 
ftOd  on  fatty  acids,  but  is  also  found  under  otber  remarkable  cir- 
cumstODces.  It  is  generally  prepared  by  dlstUling  amber,  a  sub* 
stance  of  organic  origin,  somettuica  found  in  strata  of  ligiiii4>,  and 
Doourrinc  in  largo  quantities  in  the  alluvial  wuids  of  the  Baltic. 
Amber  distilled  in  a  glaas  retort  yields  im  acid  watiT,  and  euipy- 
reuiiiBtic  oils,  which  remain  in  the  paper  through  which  the  acid 
liquid  is  filtered.  The  latter  being  saturated  with  chlorine  in  order 
to  destroy  aome  foreign  substunced,  and  tlicn  evaporated,  the  euc- 
cinic  acid  J9  deposited  in  crystals. 

Ad  aqueous  solution  of  impure  asparag^n  left  to  itacif  for  some  time 
ia  eonveried  by  a  »pccies  of  feruientauon  into  succinate  of  ammonia. 
Impure  neutral  mnHateof  lime,  eueh  as  is  directly  obtained  from  the 
berrica  of  the  service-tree,  left  for  several  moutlik,  under  a  layer  of 
vater,  in  a  vosael  covered  merely  by  a  ahect  of  paper,  undergoes  an 
analogous  fermentation,  the  liquor  becoming  covered  with  mudlace, 
while  crystals  of  liydrated  carbonate  of  lime  are  deposited  on  the 
^desof  the  vessel,  andacicular  crystals  ofsuccinic  acid  arc  devoloped 
on  the  deposit  of  tnalate  of  lime. 

Succinic  acid  melts  at  365°,  boila  without  alteration  at  473",  and 
may  be  Bubtimed  at  much  lower  t»mpflralures.  Cold  water  dUsolves 
about  I  of  its  weight  of  it,  and  boiling  water  about  i ;  and  it  also 
diaaolvvs  in  considerable  quantity  in  alcohol,  but  very  slightly  in 
ether.  The  formula  of  suecmic  acid,  errstallized  in  water,  ia  CgU^Oc 
wliich  ia  generally  written  0^11,04,2110,  since  2  equiv.  of  base  may 
be  Bubstitutid  for  2  t-quiv.  of  water.  At  2S4''  it  loses  1  equiv.  of 
water,  and  after  several  diftlilUtions  becomes  pcH'cctly  anhydrous; 
its  compoeition  then  corresponding  to  the  formula  0.11,0,;. 

Nitric  ucid  and  chlorinu  m  not  scnallily  act  on  succinic  acid,  while 
anhydrous  eulphuric  add  forms  a  compound  add  with  it,  called 
tulph»tiiocinu:. 

Adipic  Acid  C„H,0b2H0. 

§  1607.  This  acid  in  formed  hy  the  reaction  of  nitric  on  oleic  add, 
being  deposited  after  the  suberic  and  pimelic  acids,  which  are  less 
soluble.  The  beat  method  of  preparing  it  consist;)  In  boiling,  in  a 
Urge  retort  fumtshefl  with  its  receiver,  tallow  with  nitric  acid  of 
commerce,  renewed  until  the  fatty  substance  haa  entirely  disappeared. 
The  (IL^tilit^d  portiaim  arc  returned  to  the  retort,  anu  the  reaction 
of  the  nitric  acid  is  continued  until  crystals  appear  in  the  rcecircr, 
after  which  the  liquid  is  cuneentrntod  in  a  water-bath,  when  it 
c.agulatcs  into  a  cryHtallinc  ma^s.  It  ia  washed,  finst  with  concca- 
tmted  nitric  acid,  then  with  the  samu  acid  more  diluted,  and  lastly 
irith  fresh  water.  Treated  again  with  boiling  water,  it  disfohM 
and  deposits,  on  cooling,  very  pure  cry«tala  of  adipic  acid. 

Vol.  Il— 3  I 
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niia  and  melts  &t  2&0°,  maj  lie  distilleil  vithotit  alteration,  i 
forma  well-marked  salts,  of  which  the  general  formula  ts  tl 
OkHkO,.  When  an  aloobollc  solation  of  adiplc  acid  U  ^turated  1 
chlorobydric  acid  gag^  ao  oil  u  obtained  having  thu  ttmell  of  pip 
apples,  aod  kaown  by  the  name  of  adipic  ether  SCfU^O.GuHaQ, 


Su&erie  Aeid  C„H,iOa2HO. 


in 


§  1608.  Suberic  acid  is  formed  bj  the  actios  of  nitric  acid 
being  the  first  deposited  when  the  liqniti  is  crjBUilUicd ;  while  it' 
tiUo  been  directly  obtnined  by  c&usiii}>  the  i^aiav  acid  tu  act  00  at 
which  18  the  most  convenient  method  of  preparing  it.  The  rafl| 
cork  being  boiled  with  nitrio  acid  of  commerce,  the  acid  liquid  is  < 
ceutrated  hy  distillation,  and  allowed  to  cool,  when  suberic  aei 
deposited,  iind  iTi»y  he  purified  by  solution  iu  boiling  water  I 
recryetallization. 

Subfric  acid  forms  small,  hard,  granular  cryetalft,  soluble  In  ali 
2  p»rl8  of  boiling  water,  which  acarccly  rctnintt  jj,  nfter  coofi 
while  it  is  very  soTuhlc  in  alcohol  and  ctncr,  especially  at  the  boJl 
poiut.  The  alkaline  suberates  are  snlulile  in  water,  and  riitrat* 
silver  olfcct!)  in  their  solution  a  precipitate  of  suberate  of  BilTfir| 
the  formula  2AgO,CisH,jO,. 

By  saturating  an  alcoholic  HolutioD  of  flubcrio  acid  with  chlorob; 
acid  gas,  vinoauberie  etAer  SC^UjO.CulI^O.  is  obtained,  as  an 
gtuoua,  colourless  lit^uitl,  which  boils  at  about  500°. 

Seb<Kic  Acid  CJl,j0^mO. 

§  1609.  It  hoH  been  mentioned  (§1602)  that  ecbacic  acT 
slauily  formed  iu  the  diatilktion  of  auhstanecs  cjontajning  oleii 
oleic  acid,  and  that  it  is  regarded  a»  characteristic  of  theao  I 
stances:  it  is  separated  by  treating  the  diatilled  products  serij 
times  with  boiling  water.  Acetate  of  lead  is  poured  into  the  tj 
tion,  a.nd  ilio  salt  of  lead  precipitated  is  decomposed  by  salpbl 
acid,  when  the  !)«b.icic  acid  is  deposited  from  the  boiling  aqwi 
sidutii'n  in  the  form  oCcrystalliui-,  [wtarly  lamellic.  This  acldaM 
at  2ti0.li°,  diRtiln  without  nlteratioii,  and  is  slightly  soluble  in  d 
but  moch  more  freely  in  boiling  water,  while  alcohol  and  ether  J 
solve  it  readily.  It  forms  cryatallizable  salts  with  the  alkaliM 
the  general  formula  2UO,C3^lI,^0(.  It  producce  a  compound  eti 
2C^afi,Cg,H,gO^  under  tt.e  same  circumatancea  as  the  prvoc(| 
acias.* 


«  TliB  BdmlrablU  eumlaatJon  of  die  hU  ini  iki  aeUs  If  flh—lj 
iuTitstlG^tivD  wbtcb  gaie  an  iiL»lght  iiila  iba  (Jl^ltlT  ef^ 
Uut  Bi«r«  rcMBt  iiiTcatiKiilJDiia  bnto  detelopftd  tli«  shqcalar 
which  tlitv  ai-o  Au1ij«ct:  oiich  mt,  tlie  action  of  lulphurio  ftcitl,  Uwir  oxidttiwi 
eihcr  acias,  tiQ~ —  IC  J,.  /' 
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OF  SOME  rOLATILC  ACIDS  EXTK^kCTEU  FROM  KATCRAL  rAT& 

Mircic  Aei<i, 

$  1610.  Uircic  ucid  is  obt&ine j  by  raponifyiiig  the  fat  of  the  goat 
bj  aa  alkali,  aud  dccomposbg  tho  eoap  renilting  hj  tartaric  acid; 
:iheT  wliicb  tbu  aqueous  li(|uij  i»  separated  and  diHtilled,  vihea 
Ute  hircic  acid,  being  volatile,  ■psatts  into  tbc  receiver.  It  is 
saturated  witb  water  of  borTta,  and  tho  hircatc  of  buryla,  which  is 
obtained  by  evaporation,  is  decomposed  by  distilling  it  with  sulphuric 
acid  diluted  with  its  weigbc  of  water,  frhou  the  hircic  acid  forma  &a 
oily  stratum  on  the  surface  of  the  wnter  which  condenses  in  tho 
rcceiviT.  It  boa  a,  decided  cofttlikc  ^mcll,  is  eligbtly  soluble  in 
water,  but  easily  so  in  alcohol  or  ether,  and  its  compoution  is  iin- 
kttowu. 

Pkoeenie  Acid. 

i  1611.  The  oil  of  the  9pei*m  whale  and  dolnhiQ  yields,  by  saponi- 
ficAtion,  in  addition  to  the  ordinary  fat  acia.4,  a  peculiar  volatile 
acid,  called  ^/wcenic,  which  appears  to  be  identical  with  valeriatuc 
•cid. 

Chproie^  Caprie,  and  OQprjflw  AeU$. 

S1612.  These  three  acidji  are  found  among  the  products  of  the 
oxidation  of  oleic  ly  nitric  acid,  and  are  also  obtained  mixed  with 
butyric  acid  wlien  butter  is  »aponified  by  the  alkalies.  It  is  admitted 
that  butyric,  capnc,  caproic,  aud  caprylio  acid  in  butter  are  com- 
bined with  clyccrin,  and  f»rui  peculiar  substances :  butynn,  caprin, 
caproiii,  and  caprylin. 

In  order  to  prepare  these  substances,  butter  is  kept  fora  long  timo 
at  a  temperature  approachiuu  it8  meltiug  pwiut,  wliou  a  liquid  por- 
tion separates,  in  which  the  hut yrlci,  caprin,  caproiit,  and  captylia 
are  prmcipallv  cwnceutratcd.  This  oily  portion  la  treated,  after 
being  decantea,  with  an  equal  part  of  anhydrous  alcohol,  and  shaken 
frequt^titly:  llic  iilcuholic  sulutiuu  leaving  by  cvnpurutiou  an  oil  furuic<] 
of  a  mixtiirt'  of  hiityrin,  cniirin,  caproln,  and  caprylin. 

If,  ou  the  conlrary,  tbc  butyric,  caprie,  and  caproic  acids  are  to 
be  isolated,  the  butter  is  saponified  with  an  alkali,  and  tho  soap 
dMompoeed  by  ou  aqueous  solutiua  of  tartaric  ucid,  when  the  acids 
•DOght  remain  in  the  watery  liquid ;  which  is  separated  aod  distilled. 
The  acids,  being  volatile,  pt&i  over,  and  are  then  saturated  with 
caustic  baryta,  and  evaporated,  which  furnishes  a  mixture  of  butj. 
rate,  caprate,  caprylate,  and  caproate  of  baryta.  Tho  exalts  are 
separated  by  cryhlallization,  the  caprate  of  baryta  being  first  de- 
posited, then  the  caprylate,  the  caproate,  and  lastly  the  batrrate. 
Tho  acid  of  each  *>{  these  salts  may  be  easily  separated  by  distil- 
llog  them  with  a  small  excess  of  sulphuiie  acid  diluted  with  its 
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weight  of  w&lor,  vhen  tfac  actd  pa«H«  into  tli«  receiver  with  tli 
water,  and  fortnfl  an  oily  coating  on  its  snrfaw. 

Caprie  acid  i»  Uc^uid  abuve  *j2.G°,  but  solidifies  into  cryettalfili 
acicnuc  whtn  the  temperatnrc  is  lower;  and  it  ift  very  sltj^h'tlyBOll 
ble  in  water,  but  rradily  so  tn  alcohol.  The  fonnulu  of  frrc  rapij 
acid  is  CmH„Oj.HO,  tbat  of  iho  c*pratc«  being  RO,C^H„0,, 

CaprpUc  acid  is  solid  below  57.2°,  and  boila  at  abi^nt  464^ 
Water  cUsoolvee  only  a  rcry  small  quantity  of  ii,  even  at  the  botfid 
point,  while  it  is  very  »oluU«  in  nkoliol  and  ether;  and  the  gam 
formula  of  the  caprjlatca  is  ROfC^HuOi-  l 

Qxprcie  acid  b  an  oily  liquid  at  the  ordinary  temperature,  mi 
docs  not  solidify  even  at  14*,  whilo  it  boils  at  aboai  410",  and  di[ 
solves  in  75  parts  of  water  and  in  all  proportiona  in  alcohol.  3% 
general  formula  of  its  »ilis  is  HOX'ulinOj. 

ThcM  vimoDs  acidfi  form  oompotind  viuiu  nnd  methylic  ethcri 
which  may  be  obtained  by  passing  clitorohrdric  acid  gaa  throv^ 
alcohol  or  wood-apirit  holding  the  acids  in  solution.  ^^j 

PAtM-OlL,  ^^ 

§  161 S,  ThiR  oil,  which  is  imported  chiefly  from  Guinea^  has,  of  Ut 
years^  Itecome  an  object  of  creat  oommercinl  importance,  tt  is  gtat 
rally  of  a  rcddiah-yellow  colour,  and  melts  at  ft  temperature  vuyin 
from  80**  to  SO".  It  is  auppojtcd  lo  be  formed  of  oleiii,  margarin,  sd| 
a  new  faltr substance,  called  palmilin,  which  is  extracted  by  cxjwesl 
ing  the  ail  and  washing  the  residue  sovcrul  times  with  alconol,  «b«j 
the  palmitin  is  isolated  and  purified  bv  being  washed  in  etlefl 
Palmilin  forms  crjfltallinc  aciculrc,  nicliiiig  at  118.4",  but  dccooj 
ponng  at  a  high  temperature;  and  it  is  nearly  insoluble  in  aleoln^ 
cvoQ  at  tlie  boiling  point,  but  diitsolvcs  targeiy  in  ether.  AlfcaK*! 
convert  it  into  glycerin,  and  into  a  now  acid  called  pafmHn^.  la 
oomposition  eorrespondti  to  the  formula  Cni^ttfiia  which  ■■<  wric 
C,H,O_C^H_0,;  the  formula  of  free  palmitic  acid  being  C^ 
2H0. 

CASTOR-OIL. 

1 1614.  Castor-oil  is  extracted  from  the  rieinu*  e»mmuni>, 
forms  a  white  or  Bomewhat  ycllawisfa  nil,  slightly  tluid,  which  sod 
becomes  rancid  in  the  air.  When  saponified,  it  yields  glycerin,  an 
three  new  fatty  ocidii :  ttearcridnic,  called  also  Tnargantic,  rieiiiii 
and  oleoricinic  or  elaiodte  aeidt.  By  decompoaing,  by  an  acid,  wan 
made  with  castor-oU,  an  oil  separatee,  which  partially  coagulates  ifl 
the  ordinary  temperature.  Tlie  solid  part  being  sepamtrd  aod  «d 
premed  between  bibulous  paper,  the  residue  is  di^ieolved  in  boiling 
alcohol,  when,  on  oooUng,  pearly  cryslalliuc  lumellie  of  Ktearoriditil 
aeid  separate,  which  melt  only  at  2tiU''.  The  greater  portion  d 
the  oil  which  lioa  been  separated  by  expression  from  the  BtearocJ 
cinie  acid  coagulates  ut  'iHA^.t  and  is  also  separated,  by  expKMMl 
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botvooD  tissuti-papcr,  from  tbo  portion  wbicb  remaiui  liquids  when 
£t  constituuia  ridtiic  acid,  which  melts  at  71.6%  tind  may  be  diKtilled 
irithout  ftlu-ratiOD.  Lastly,  tLo  ua-mc  of  olecricinic  acid  baa  beea 
given  to  tbe  portion  of  the  acid  oil  vbicb  did  not  become  tiolid  at 

&PGBMACBTI. 

5  1015.  A  peculiar  {at  oil,  wblcli,  bj  exposure  to  tlie  air  for  8  few- 
day*,  deposits  a  crTatftllinc  subatanco  called  »pirmacetiy  ii  extracted 
from  the  brain  of  tbe  sperm  whale.  The  crystalline  mnaa  is  ex- 
preiised  to  separnte  tlic  part  which  romaine  liquid,  and  digested  in 
a  hot  lyo  of  pot&ssa,  Trliilc  tliu  oil^  fluid  is  washed  itcverul  timeH  with 
boilin;];  vater,  and  poured  into  crystalliziog  Teswli,  in  which  it 
Bolidiiiea  ^nto  crystalline  masses,  constituting  tko  cakes  of  spermaceti 
found  in  commerce.  In  order  to  obtain  it  in  a  state  of  purity,  it 
is  necessary  to  crystallize  it  several  timcfl  in  alcohol,  when  it  takes 
the  name  of  cftin. 

Oetin  is  a  white  substance  of  a  crrstalUnc  tcxtQro,almoat  inodor- 
OQi,  meltins  at  120.2°,  and  solidifying,  by  slow  cooUnc,  into  a  mass 
composed  ot  larf;c  crystalline  lamellse.  It  is  insoluble  in  water,  and 
100  parts  of  boiling  alcohol  dissolve  liJ  parts  of  it,  but  retain  only 
3  after  cooling;  while  other  and  the  essential  oiU  dissolro  it  freely. 
Its  composition  corresponds  to  the  formula  C^jH^O-  Spermaceti  a 
BVponi&eA  by  potassa,  but  it  diflerg  from  all  fat  substances  we  have 
tilbcrto  described  by  yielding  no  glycerin,  but  in  ita  place  another 
Torv  Tcnmrkabic  neutral  substance,  called  etAal,  wtiilo  tbo  fat  acid 
which  combines  with  tbo  alkali  has  received  the  name  of  ethatt'c  acid. 
The  saponification  of  spermaceti  i»  miicli  wore  difficult  than  that  of 
the  other  fats,  since  it  can  only  be  efTccted  by  a  eoDccntrated  sola- 
tion  of  potftssa,  assisted  hy  heat,  and  continued  for  several  days;  or 
butter,  oy  melting  2  p&rts  of  spermaceti  in  a  capsule  and  adding  1 
part  of  caustic  pot.1s.<^a  broken  into  nmnll  pieces,  and  stirring  it  con- 
etaotly.  After  some  lime,  as  soon  as  the  substance  ha«  become  com- 
pletely solid,  it  is  treated  with  boilin"  water  and  chlornliydric  add, 
when  the  ethnlic  acid  »eparate3  and  torms  an  oily  layer  on  the  sur- 
face of  the  liquid.  Tbe  oil  being  decanted,  and  treated  in  the  same 
manner  by  potasiia.,  i.4  again  natumted  with  chlorohydric  acid,  and 
tbe  oil  obtained  is  heated  with  hydrated  lime,  when  the  ethalic  acid 
•lone  combine.^  with  the  lime,  leavins  the  ethal  isolated.  The  latter 
is  removed  by  boiling  alcohol,  whicn,  is  then  driven  off  by  distilla- 
tion, and  iL  is  finally  crysftallised  by  dissolving  it  in  ether. 

Etbal  melts  at  118.4°,  cryalallisioji;  readily,  on  cooling,  in  brUUant 
lamclln^,  and  it  is  in^olnble  in  water,  hat  dissolvea  in  all  proportions 
in  alcohol  and  ether.  It  may  bo  distilled  without  alteration.  Ita 
composition  corre-'tponds  to  tlio  formula  CjjHstOp  and  exhibits  seve- 
ral reactions  which  asaimilato  it  to  alcohol  and  wood-spirit,  on  which 
account  it  has  even  been  called  dhalic  alcohol. 


§16113.  If  a  inUtnro  of  ethal  and  concentrated  sulpliiiric  aod 
liMtcd,  etirriiiK  it  frequently,  an  acid  product  is  obtained 
IDE  of  a  mixture  of  pure  sulpharic  acid  aad  a  compcund  acid,  tulph- 
ftKalic  and    (C„H,0+HO),2SO,,    wliieh  is   to   otbal    C„"  ' 
what  sulplioTiiiic  acid  (C,H(0+H0|,2S0,  ia  W  alcohol  C, 
The  acid  mass  being  diBBolvcd  in  alcohol  aiid  saturali^d  witb  poi 
sulphate  of  pcrtaaaa  ie  precipitated,  while  tli«  sulphcthulutc  uf  . 
tsasa  (CHltu*J  + 11*^)12^0,  remains  in  solution,  and  crjstalUxMbj 
eraporsting  the  liquid. 

By  beating  lu  a  retort  eqnni  volnmee  of  ethal  and  perchluride 
phosphoros,  chlorohydrio  acid  is  discngsjiied,  and  prutochlonde 
phosplioras  first  distils,  then  the  perchloridc,  and  lastly  an  oily 
doct  of  the  composition  CbH^CI,  which  may  he  regarded 
chioTohffdric  ettuT  of  ctltalic  alcohol  Cj,H^O..     In  order  to 
it  pare,  it  should  be  distilled  a  second  time  with  pcrchlorid* 
phosphorus  washed  with  water,  and  distilled  orcr  a  small  qnanli 
of  quicklime. 

By  tieating  cttal  with  6  or  G  timea  its  weight  of  potaasie  lime  ta 
a  temperataro  of  410°  to  430°,  pure  hydrogen  is  aiseogaged,  ul 
olhalic  acid  CsU,,0„HO  'n  formal,  which  is  to  ctbaiic  alooU 
CjilI^O,  what  acetic  acid  C,H;,O4,H0  is  to  vinic  alcohol  C,H,0- 
Li  ordur  to  eoparuto  tliis  acid,  the  alkaline  masfi  is  diluted  wita 
water  a.nd  tnttiraled  n-ith  chtoroliydric  acid,  when  the  eibalioM»I 
separates  in  the  form  of  floccuU,  but  always  mLscd  with  onalltfcd 
etttul.  In  ordur  to  purify  it,  it  is  heated  with  a  solution  of  eaamic 
baryta,  which  combines  with  the  cthaltc  acid,  after  which  it  is  ent 
poraled  to  dryness,  and  tho  r<.^iduc  treated  with  alcohol  to  dtsaolrt 
the  ethal.  ifhe  rcei<lue,  which  is  composed  only  of  ethalattf  of  ba- 
ryta, b  decomposed  by  cbloruhydric  acid,  while  the  cthalic  add,  set 
free,  is  pnrifiM  by  sofution.  in  ether. 

§  1617.  Wc  bavo  shown  (§  ltil5)  that  spcnoaccti  is  converted  bj 
saponification  into  ethal  and  cthalic  acid ;  and  a  large  qaand^  a 
the  latter  acid  may  also  bo  obtained  by  docompotung  ^lermasiti 
soups  by  ueidD. 

£thuiic  acid  melts  at  about  140°,  crystallizing,  on  cooling,  in 
brilltaQt  uciculae ;  and  it  is  insoluble  in  water,  bnt  very  solnMe  in 
aloohol  and  ether.     The  general  formula  of  its  sal  ta  is  HO,(CBiinVl^ 

As  ethalic  acid  exists  iu  p«lm-oil,  dther  isolated  or  eombned 
with  gWcorin,  it  has  also  received  the  name  of  palmitic  add. 

Bv  (fisiilliug  ethal  several  time«  with  anhydrous  pbospboric  add, 
a  volatile  liquid  of  the  formola  C^Uj,  is  obtainod,  which  hu  be« 
called  ceten^  and  forms  in  the  Kcries  uf  ethalic  alcohol  the  analofve 
of  olciiaDt  gas  in  the  rinio  eeries.  'ibis  liquid  boils  at  about  5^" 
without  alteration,  and  its  fOTmola  oorrcaponda  to  4  volumes  oi 
rapoor. 
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WAX. 

§161f?.  Clicmtsti)  giro  the  nmna  of  wax  to  enlistaiiccis  nrisinj; 
from  various  sources,  the  type  of  wbicli,  Wswai,  will  alone  occupy 
our  attcutioR,  because  it  is  best  known  ;  and  wc  shall  omit  the  other 
substances  produced  by  vogolables.  «-hicli  frt>((ut'ntly  rfsemble  onli- 
nary  wax  only  in  appoaranco  or  in  physical  properties. 

Wax  forma  the  solid  portions  of  the  hoceycoiDb:  and  vrbon  tTi« 
honey  has  bwa  removed  by  expression,  the  wax  is  tQcltcd  with  hot 
water,  and  washed  several  timc^  with  watiT.  when  n  yellow  substance 
Tcmaiiu,  the  smell  of  which  resembles  that  of  honey.  By  exposing 
H  in  l&i^  sheets  on  the  graas  to  the  action  of  moist  sir  and  the 
rays  of  the  sun,  the  odoriferous  and  colouring  substances  are  de- 
stroyed, and  white  wax  remains ;  the  bleaching  heing  more  promptly 
effected  by  chlorine  or  the  nlkaline  hypocbloriles,  and  by  oxidixing 
reagent?  iii  geiiorul.  White  wax  coutoitts  lees  carbon  and  more 
oiVRpn  than  yellow  wnx. 

Bleached  wax  is  translucent  to  &  certain  degree,  shows  a  density 
Tarying  from  0.960  to  0.996,  is  hard  and  brittle  at  82",  but  very 
maUeable  at  86°,  and  melts  at  about  149^.  Boiling  alcohol  ctepa* 
rates  it  into,  (t)  mtfricia,  almost  insoluble  In  boiling  alcohol ; 
(2)  eerin,  also  calletl  cerotic  acid,  Boluhle  in  boiling  alcohol,  but  de- 
positeil  from  if,  on  cnoling,  in  small  crystalline  aciculse ;  and  (3j  into 
terolein,  which  romaiiis  in  solution  in  the  alcohol  when  cooled.  The 
proportions  of  these  substances  vary. 

Wax  yields,  by  di.stillaiion,  a  small  quantity  of  acid  water,  oom- 
baatible  gases,  and  liquid  oils,  isomeric  with  olefiant  cas,  besides  a 
•olid  aubstance,  composed  cssentiftlty  of  margaric  arid  and  a  crys- 
tallisable  substance  very  analogous  to  ])arafGa.  By  distilling  it 
with  lime,  yellow  oils  of  complex  composition  are  firat  obtaJned,  and 
then  a  largo  quantity  of  the  crystalline  substance  about  to  be  de- 
scribed. 


C^n  or  Ccrotic  Acid  C„lI,,04«»Ci 


,H«o„no. 
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1 1G19.  When  wax  is  fcollpd  for  some  time  with  alcohol,  and  the 
Bquor  allowed  to  cool,  the  deposit  which  is  formed  is  composed 
chiefly  of  cerin  .^nd  myricin,  whieh  raiwi.  be  again  dissolved  in  boiling 
alcohol,  until  the  substance  deposited  during  the  cooling  of  the  liquid 
melta  only  at  ^fiH".  It  is  redls.so1ved  in  boiling  alcohol,  and  acetate 
of  lead  is  added,  the  precipitate  of  cerotate  of  lead  being  washed, 
when  hot,  w^ith  alcohol  and  ether,  and  then  decomposed  by  acetic 
acid.  The  eerotic  aeid  is  cryalallired  by  dissoh-ing  it  in  boiling 
alcohol ;  and  the  pure  acid,  which  melta  at  172.4°,  is  insoluble  in 
water. 

Mt/riein. 

§  1620.  Myricin  is  Tcry  slightly  soluble  in  alcohol,  200  pai-ta  of 
boiling  alcohol  being  required  to  dissolve  1  of  it,  which  ts  again 
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ilcpoeited,  daring  tho  cooling,  ta  whiLc  flako»;  wbUc  it  rcqi 
nboiit  100  pnrts  of  cold  elhor  for  aolution.  1;  melts  al  161.6*'» 
partly  eubUmea  vritboat  cban^  »t  &  hielicr  t«Inpc^ltur(^.  Its 
mcntnry  composition  corresponds  to  tno  formula  C^H^^O,;  , 
vhcu  lu^utt.'d  for  a  lone  time  with  a  eonccntnttiHl  Bolutiou  of  etf 
pntASiui,  it  is  conr«rtca  into  jMUmitic  acid  CmH„Oj,HO,  wliich 
mains  combiaed  vritli  the  potagga,  and  %  neutral  substance, . 
Gf^„0,,  which  in  its  clicmical  reactions  re&cmblos  etbal. 


CeroUin. 
§  1621.  Cerolein,  Tchich  remaina  in  eoluticm  in  the  cold 


SS 


li<|aor  vith  which  vxx  has  been  treated,  is  separated  by  cvftpora 
from  nU-ohol,  and  appears  aa  a  soft  sabetancc,  fusible  at  84.2*,  j 
eolublc  in  alcohol  and  cold  ether,  aiid  reddening  litmus, 
moru  oxygen  than  coriu  and  myricin. 


ORGANIC  COLOURING  MATTERS. 

§  1632.  Whilo  Tcgetablcs  contain  very  voriotts  eoloariag 
luieqnaUy  diatribututl  tlirongh  their  rarious  parts,  they  aUo 
qtiently  cdcIom  substance?  which  arc  colourle^ft,  or  nearly  sOi,  | 
stituting  a  part  of  the  living  vogeliible.  but  which  acquire  l 
beuutifal  colours  by  contact  nilh  almosphoric  air  or  the  r«a4 
of  rarioua  chemical  agents.  j 

Nearly  all  organic  colourbg  matters  change  in  the  aJr,  e3|i«ai 
when  exposed  to  the  sun,  and  ondcrgo  partial  combustioDt  bj 
OdnTert^xl  into  colourless  substances ;  and  the  quality  of  the  coll 
ing  matter  depends  upon  the  time  m  which  tltift  change  is  efTvol 
Cht'litical  agents  generally  modifT  the  shade  of  orgauio  coloiu| 
aiattcn,  forming  compouud;^  with  ihcm  or  converting  them  j 
utlior  cubsliiuce^  equally  coloured,  which  properties  are  frvqnu] 
applied  in  dyeing.     The  metallic  oxides  espcciallr  corabino  wt) 

great  number  of  colouring  matters  poescsging  acid  pr(n>erttes;  ii 
)c  minority  of  the  oxidf>.i,  such  as  that  of  alumina,  tin,  etc,  I 
form  iiiaotuhle  compound:*,  exhibiting  often  very  bcauliful  colo 
and  which  are  used,  under  tho  name  of  ^j^m,  for  painting  moil  J 
iu  waler-coloura.  I 

Very  porouH  charcoal,  particularly  animal  black,  absorbs 
majority  of  otf^aaic  colouring  matters  dissolTcd  in  water,  with 
alteration,  and  again  deposits  them  if  a  small  quantitv  of  a]kal| 
added  to  the  water ;  woody  and  animal  fibre  poescsung  tho  ti 
property,  ^loist  chlorine  destroys  all  organic  colouring  iiiatti 
by  eserting  on  them  a  powerful  oxidizing  notion,  owing  to  the 
compoailion  of  water;    and  sulphurgus  acid  also  bleaobM  ~* 
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either  by  removing  ihcir  oxygen,  or  by  combining  with  the  ftubstance 
without  altering  it,  and  thus  forming  colonrless  coiiipoiinds. 

A  large  niimoer  of  reducing  substnnces,  sach  as  nascent  hydro- 
gen. 8tilrhydric  ncid,  the  alkaline  sulphide;*,  the  hyiirated  protoxides 
of  iron  an'd  manganese,  etc.,  bleach  colouring  matters  by  obotrsot- 
ingtheir  oxygen. 

wo  shall  here  treat  only  of  t})0  orgnnio  colouring  matter*  iihcI 
in  dyeing. 

COLOtmiNO  MATTERS  OF  MADDEB. 

§1623.  Madder,  [ruMa  tmetoriim,)  also  known  by  the  name  of 
oHiari,  is  one  of  the  most  important  dycstuS'^  which  is  cxtoniiively 
cultivated  in  the  Levant  and  llie  East  Iiidi(«,  as  well  aa  in  France, 
particularly  in  AUucc  and  the  county  of  Avignon.  Madder  con- 
tuns  Koveral  culotiriiig  matters,  the  majority  of  which  are  aa  yet 
but  im|>orfcct]y  known  ;  and  the  plant,  while  growing,  containa  only 
&  yellow  eap,  without  any  rcd>co1ouriiig  principle,  the  txaie  being 
true  of  the  root ;  while,  when  the  latter  has  been  separated  from 
the  plant  &nd  dried  in  the  nir,  a  red  substance  is  duTctoped  whtdi 
imparts  its  colour  to  nil  the  ligneouA  portions. 

In  dyeing,  samotimes  crude  mudder  is  U5cd,  and  sometimes  that 
which  has  undergone  several  prepa.rations,  of  which  the  intention  ia 
to  reducu  the  colouring  matter  to  a  smaller  lolume,  or  to  destroy 
some  of  iho  colouring  principles,  the  presenco  of  which  affu-ct  the 
shade  of  the  red  colour. 

When  ground  madder  i^  exbattstcd  by  cold  water,  a  yellow 
colouring  matter,  or  zanthin,  very  soluble  in  water,  is  extracted 
from  it ;  and  if  the  residue  he  treated  with  one-half  of  it«  weight  of 
concemmted  sulphuric  acid  heated  to  212",  a  large  portion  of  the 
ligneous  maiK^r  la  altered,  becoming  soluble  in  water,  and,  after 
eeveml  washings,  yielding  a  Irown  substance,  easily  pulvarised  after 
desiccation,  and  constituting  the  artidp  known  in  commerce  by  the 
itamo  of  garanein  or  viadder^red.  Madder-red  contains  another 
oohiuring  matter  of  a  beautiful  red  hue,  called  aluarm,mixeA  with 
some  other  colouring  principles.  Wlien  treated  with  boiling  alco- 
hol, it  furnishes  a  beautifully  red  ;<olution,  which  deposltfl,  on  era- 
poration,  a  aubstaoce  of  an  ochrous  yellow  colour,  and  named  colorin. 
Colorin  is  ehioDy  formed  of  alizarin,  fattv  mattero,  and  a  email  qnon- 
lity  of  other  colouring  matters;  and  if  it  be  carefully  heated,  it 
emits  yellow  vAponrs,  which  condense  in  tho  form  of  bright-red 
DeedlcM,  constituting  alixariit,  mixed  merely  with  a  small  quantity 
of  empyreumatic  oil,  from  which  it  may  oogily  be  freed  by  erystal- 
lizinz  it  in  wcuk  alcohol. 

Alizarin  presents  all  the  ehnmeters  of  n  definite  eompomid,  and 
its  analysis  has  led  to  the  formula  C^H.O^.  It  forms  very  fine 
aeiculae  of  an  orange-vellow  colour,  nearly  insoluble  in  cold  water, 
Bligbtly  soluble  iu  boUing  water,  bat  very  soluble  ia  alcohoL    It 
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disBolTee  readily  Ln  alkaline  lixi^'iie  and  Bmmonia,  funualunz  sola- 
tioD9  of  k  violet  coloar,  and  yielding  bluifih.  prccipitati?s  wtui  soImh 
tioDS  of  borjrtA,  stroD^an,  and  limfi :  concontrutcU  sulphuric  X^| 
klso  dittnolvea  it,  forming  a  brown  Ucinid,  from  wliich  the  alixuiti  if 
preclpitateil  unchanged  upon  tite  adoition  of  water.  ^^ 

§  1624.  Very  variously  coloured  product*  liave  been  obuined  1|^H 
different  methods  of  trcAtiQg  madder-root,  irbich,  hovcrcr,  do  n^B 
exhibit  the  characters  of  definite  substances,  and  are  probablr  otAj 
mixlurce.     "When  mnddcr-root,  previously  washed,  is  boiled 
a  concentrated  aulution  of  alum,  a  red  liqtud  is  obtained,  depoeitii 
on  cooling,  a  brownish-red  substance,  which  in  separated,  whilo  tf 
filtered  liijuid  ia  of  a  pure  red,  aud  by  the  addition  of  Rulpharic  a< 
eradually  deposits  the  colouring  mutter,  a  more  trace  of  it  remaii 
mg  in  the  solution  after  24  hours.     The  precipitate,  after  bets 
washed,  first  with  weak  boiling  chlomhydric  acid,  and  then 
cold  water,  Is  rcdis^olved  ia  alcohol,  which  Bolotion  h  erapci 
and  the  residue  treated  seveml  times  with  eth«r,  when  a  coIog 
matter  disBolres,  called  txtrfuWn  or  madder-ptirpU^  which  rei 
after  the  evaporadoa  of  ihe  ether,  in  the  form  of  a  bright-red 
der.     This  substance  is  insoluble  in  cold  water,  but  very  soluble : 
boiling  water,  alcohol,  and  ether;  and  its  analysis  haa  led  to 
fonnula  C^HggO,, :  but  as  it  has  not  been  obtained  in  a  crystalUi 
form,  it  is  diiScuU  to  assert  thnt  it  is  a  dmplo  substance. 

The  name  of  madder-red  is  given  to  a  colouring  matter  fofl 
in  the  brown  precipitate  deposited  by  a  hot  decoction  of  madder,  i 
cooling ;  which  substanoe  sublimeR  at  about  437^,  forming 
of  a  yellowish  red  colour,  and  of  a  composition  correspo&dmg  to  I 
fonnula  C,|H,flOn. 

By  dissolving  the  colouring  matters  of  madder  in  a  eolation 
alum,  and  then  adding  carbonate  of  eoda,  pecipitates  of  very  bea 
ttful  colour  and  great  stability  are  obtained,  consisting  of  cont 
of  alumina  with  the  cnlouring  matters,  and  called  madder 
which  are  used  in  painting. 

COLOimiSO  MATTERS  OP  IXWWOOD. 

§  1635.  Tho  name  of  hematin  has  been  given  to  the  st 
to  which  logwood  owes  its  value  as  a  dyc^tuff.     It  is  rcj 
tuned  by  maldng  a  deeoctton  of  poxderc-d  logwood,  evapor.^_ 
to  dryness,  and  treating  tlic  residue  with  alconol,  when  hemfttni 
deposited  in  crystals,  varying  tii  depth  of  colour  according  to  the 
size,  but  produoirg  a  yoUow  powoer.     The  aqucooa  aofution 
hematin  is  colourless  in  the  air,  but  if  ammonia  be  added,  it  i 
an  intense  red  hue;  the  substance  produced  by  this  reaction  ._ 
named  hnnatein,  which  is  granular  and  cryBt«luiie,  showing  a  riol 
black  colour  and  metallie  lustre.     It  dissolves  in  vater,  nnd  ' 
it  of  a  deep  purple  colour.     Hcraateiti  uppears  to  differ  from  '. 
tin  by  eonlaining  1  e4£uiv.   letts  of  water,  the  fonaal&  of. 
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hemuin  boing  C,gH,Oj„HO,  and  that  of  bemntcin  0,^11^0,;  irlulfl 
tlio  formuln  uf  hcmatia  cn'stalliEcd  from  on  aquooue  solution  is 
C,JJjO„nO+2HO. 

Hcmiitin  posscascs  the  vroncrtics  of  a  feeble  ncid,  tta  Rqueons 
mlutioQ  betog  precipiutei]  tiy  Darvta  and  &cetiite  of  ]fiiA.  Hemi- 
taW  of  lea.'l,  decomposed  by  nqncous  swlf  hvdric  ncid,  forms  a  liqwid 
vbicb  deposita  nearly  colourless  crjataU  of  benm,tin  on  evaporation. 

coutcnraa  matters  op  safflower, 

§1626.  The  ^afHower  is  nscA  in  dyeing,  and  prodoocs  colours 
which  vary  from  a  delicate  rose  to  a  deep  poppj  hue.  Several  coloar- 
iDg  matters  exist  in  the  flowers;  and  when  they  are  exhausted  bv 
■water,  they  yield  n  yellow  colouring  matter,  useless  in  dyeing,  which 
cornhinrs  with  hasps ;  the  formula  of  its  compound  with  oxide  of  lead 
being  3PlO,C,.ir,„0,^ 

If  pafRoner,  exhaiintc^l  hy  coH  water,  be  treated  with  a  floliition 
of  carbonate  of  soda,  a  red  solution  is  obtained,  hy  acoaraiely  neu- 
tralising which  with  acetic  acid,  and  dipping  cotton  into  it,  the  rod 
oolottring  matter,  or  cartkamin,  is  precipitated.  Ab  won  an  the 
liquid  is  nearly  bleached,  the  cotton  is  removed,  and  treated  with 
water  containinji;  ^  of  carbonate  of  soda,  when  the  carthamin  dis- 
solves, and,  if  citric  aci<l  be  added  to  the  liquid,  is  again  precipitated 
in  the  form  of  crimson  fiakes.  The  precipitate  being  redissolved  in 
alcohol  and  evaporated,  a  dcep-greon  Bulstance  ia  obtained,  which 
changes  colour  when  seen  in  different  lights.  The  fonnula  C„ngO; 
baa  been  aasigned  to  cartkamin. 

BEAZIL  OR  PERNAMBCCO  WOOD. 

§1627.  Decoctions  of  Brazil  or  PcmBmbuco  wood  are  used  in 
dyeing  and  pHnlocB  red  colours  which  arc  not  very  permanent, 
fnie  oolouriug  priuciplc  of  this  wood,  called  krat&in,  oas  been  ob- 
tained ID  small  orango-coldurrd  crvstalline  aciculae.  soluble  in  water, 
alcohol,  and  ether,  but  of  unkno'a-n  composition.  Braiilio  osrames 
a  purple  hue  on  contact  with  the  alkalies,  while  the  action  of  acid 
and  of  ammonia  converts  it  into  a  new  substanco,  brasiMn,  which  ii 
of  a  deep  purple. 

mSLD. 

§1628.  Weld  (retciid  luteola)  contains  a  coloarin^  priudplc  of  a 
beautiful  yellow  colour,  called  luteoUn,  which  is  extract«d  by  boiling 
water,  and  appears  as  a  yrllow  mibHtancc,  Holublc  without  ctecompo- 
lition,  and  subliming  lu  »imall  acicube.  It  is  vi-r^'  slightly  soluble 
in  water,  and  yet  tho  small  quantity  which  dissolves  in  it  is  saGB- 
dcDt  to  aCTord  beautiful  dyes,  remarkable  for  tiieir  stability. 

QDERCITBOK, 
§  1629.  The  name  of  mtercitrin  has  been  given  to  a  colouring 
principle  found  in  the  barlt  of  a  certain  species  of  oak,  the  quercu* 
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b^  treating  the  pondereii  tnrk 
miQ  by  gelatin,  virapuratin;;  tiiM 


ni^a,  from  wfaid)  it  »  extracted 

witli  oJpohol,  precipit&ting  tbe  tannin 

liijuid,  and  dissolving  the  resiilue  in  nicobol  sact  then  ia   waU 

Qncrcitrin  U  a  yellow  crystalline  substance,  of  tbe  formuls  C„U,0„ 

wMch  ^»solvc9  in  100  parts  of  ooUl  water,  and  in  4  or  o  of  absolat 

alcohol. 

AHXOTTO. 

§1630.  This  is  the  u&me  of  n.  roddish-yelloir  substaace,  aristng 
from  th«  fermentation  of  the  bixia  orelUtnay  and  imported  from 
Britzll,  Ctutujifi,  and  tho  East  Indicn.  Aniotto  contains  two  dj'~~ 
tinct  colourinji  miittcrs,  one  of  v»  bioli  ia  yellow,  and  soluble  in  w«t 
and  nlcoliol,  but  very  slightly  soluble  in  ether ;  while  the  olhf 
wbiuU  is  red,  iti  eligbtly  Eoluble  iu  untor,  but  highly  i>o  in  alcobq 
and  ctlicr. 

RED  9  AS  DEBS. 

§1631.  Tbe  name  of  santalin  hns  been  given  to  th«col1ectioaaf_ 
colouring  matters  of  the  wood  of  tbe  pttrccarpuK  gantalinuf,  aiid 
ifi  extracted  by  treating  this  wood,  ground  to  powder,  by  alcobc 
when  the  solution  is  of  a  reddish-yellow  colour,  and  leaves,  afd 
eraporation,  a  rceinous  eubstance  of  the  same  colour.     It  diMotv 
in  the  alkaline  lixiria:,  and  turns  them  of  a  violet  colour. 

LVDIAU-YBLLOW. 

%  1632.  A  substance  used  in  dyeing,  and  known  by  tbe  namoi 
jntrree  and  Indian  i/t^Uow,  is  ioiportM  from  China  and  the 
but  ita  origin  is  unlniown.     It  dissolves  in  water  acidulate 

cblorobydnc  aeid,  while  «  cryatallino  substance  SL'puratcs, 

euzanlhic  acii,  which  forms  ni-urly  one-half  of  (he  weight  of  InJ 
yoUow ;  some  foreign  substances  being  precipitated  at  the 
time.  In  order  to  prepare  pure  ciuantliic  add,  Indiaa yellow  is  treat 
witli  acetic  acid,  and  acetate  of  le«d  ia  added  to  the  liquid,  wl 
euxonthate  of  lead  is  precipitated,  atid  may  be  decomposed  by  n 
hydrio  acid,     lly  boiling  tbe  liquid,  the  vuxanthic  acid  ia  dtssolTe 
and  crrstftllizea,  on  conlitig,  in  long,  yellow,  silky  ncodIc^  wHk 
are  readily  soluble  in  aloahol  and  in  elhor.    Its  formula,  when  drit 
at  212^%  ia  CqH^O^  ;  while,  if  it  be  heated  still  further,  the 
thic  acid  melta  and  evolves  vapours  which  solidify  in  small  eri 
constituting  a  new  substance,  euxanthtme  Ct,H„0,j,  which  is  al 
taiiicd  cither  by  the  distilhition  of  ouxanthate  of  lead  or  by  cai 
concentrated  sulphuric  or  clilorobydric  acid  to  act  on  cuxant 
add.    We  have,  moreover, 

C«H,bO^=C„H.,Ou+2CO,+6HO. 

Euxanthone  poesessea  no  acid  properties.  With  chlorine,  hnnninfl 
or  nitric  acid,  eujtnnthic  acid  yields  products  bj  robstitution,  wit 
the  formula:  CaH^Cl^Oa.  C«H,^f,0^  O^.^NOJO^     Th*  chia 
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rinatcd  and  brominatfid  euxnnthic  ncids  dissolred  in  concentrateit 
sulphuric  aciti,  and  precipitated  by  water,  yield  chlorinated  euxan- 
tbone  C„H„C1.0a  or  brominated  C«H,oBrjO|,. 

CAROnS. 

I  1633.  Carotio,  th«  T«d-eolourin^  matter  of  carrots,  »  extracled 
by  diluting  carrot-juice  with  4  or  5  times  itd  rolame  of  water,  and 
then  addinc  eulphunc  acid,  which  precipitates  the  colouring  matter 
with  the  albuiticn  and  fattv  sabstancca.  The  latter  are  ofparated 
by  boiliug  the  precipitate  ior  some  time  with  a  solution  of  cauptic 
potoaaa,  w)iicliui!»olvt.-s  them;  and  the  carotin  a  purified  by  boiling 
it  with  dilute  sulphuric  acid,  and  diccstiuu  it,  first  with  orfiinary, 
and  llicn  with  abaolulc  alcohol.  The  niDStiuico,  when  dried,  is 
treated  with  sulpliiile  of  carbon,  which  dissolves  the  caroiin.  after 
which  }  of  the  liquid  are  separated  by  diatillation,  unliTdroiis  alco- 
hol is  added  to  the  residue,  and  the  liquid  is  exposed  to  the  air, 
■when,  after  some  time,  smaLl  copper-coloured  crystals  of  pure  caro- 
tin are  deposited.  Carouit  melM  at  about  338°,  but  i»  decomposed 
at  a  higher  lempcraturo,  and  it  is  nearly  insoluble  in  water,  alcohol, 
and  etfawr.  Its  elementary  composition  is  the  eame  as  that  of  oil 
of  terpentine,  but  no  means  of  ascertaining  its  cqnivalent  are  known. 

OREES  ASI>  YELLOW  COLOCRtSG  MATTER  OF  LEAVES. 

§  1634.  The  green-col  oaring  matter  of  leaves,  or  chtorwhgU, 
exists  in  them  but  in  a  very  Hniall  quantity,  and  is  exceedingly  dif' 
fieult  to  extract  in  a  etate  of  purity.  The  best  method  known  eon- 
bibU  in  digceting  the  leaves  for  several  dars  vith  ether ;  after  which 
the  liijuid  is  filtered  and  evaporated  to  dryness,  whc-u  the  greater 
portion  of  the  residue  it  composed  of  a  subsliino«  analogous  to  wax 
and  of  chlorophyll.  It  is  dissolved  in  boiling  alcohol,  which  deposits. 
on  cooling,  the  greater  puTt  of  the  wax ;  and  the  alcohol  being  again 
evaporated,  and  the  residue  treated  with  a  smaller  proportion  of  boil- 
ing alcohol,  wax  fitill  separates  on  cooling.  The  solution  is  finally 
evaporated,  and  the  re«due  treated  with  concentrated  chlorohydrio 
acid,  which  yields  a  beautiful  green  solution.  The  liquid  is  satu- 
rated and  filtered,  aRer  having  introduced  some  pieces  of  marbl« 
into  it,  when  the  chlorophyll,  which  is  rendered  insoluble,  being 
precipitated,  is  washed  with  wcaV  chlorobydric  acid,  and  then  witn 
fresh  water. 

Chlorophyll  is  insoluble  in  water,  btit  readily  soluble  in  alcohol 
and  ether,  and  sulphuric  and  chlorohydrio  acids  dissolve  it  witbovl 
change;  a  large  quantity  of  water  procipilaUng  it  again.  From  on 
analyaiii  made  of  it,  the  composition  of  chlorophyll,  dried  at  266**, 
would  correspond  to  the  formula  C,^H^Oj- 

Thtt  name  of  xanthophyli  bus  been  given  to  the  yeUow<coloiiing 

matter  of  autumnal  leaves;  but  nothing  is  with  certainty  koowD  •■ 

to  its  nature. 
Vot.  lL-3  K 
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S 1685.  The  cochineal  (www  caeti)  is  s 
nopals  [ojmntia  cwcmillifera,)  ii.ad  fambl 
ooloura  for  dToicg;  tboK  foiinU  in  coidiiu 
of  die  dried  losects.  When  these  are  boih 
it  produced,  irhich  \s  cloiidoil  by  the  nddi 
of  potaasa;  a  prccipiUtc  being  fomted  « 
in  nsipensioo,  and  which  oonsisH  of  the  o 
ous  fatty  and  albaminoaa  sobstaDCes,  ool 
eoiiuuerc«.  If  oochioeal  be  boiled  with  a  y 
of  soda,  and  alum  be  added  to  the  liquid,  r 
combined  with  the  colonring  matter,  are  fi 
of  carmine  lake. 

Tlie  name  of  carmin  ha*  been  gircn  t( 
cochineal,  bat  it  is  donbtfol  vhether  it 
state  of  purity.  The  powdered  cochince 
diwolvo  tho  fatty  mHttcm,  and  then  with 
the  carmin,  which  is  deposited  duriiig  t 
In  order  to  purify  it,  it  is  dissolved  in  a 
Tolume  of  etner  has  been  added,  when  the 
in  the  form  of  umall  purplijsh-rod  gnil 
obtained  melts  at  104°,  and  is  soluble  . 
ijuoluble  in  ether.  Acids  faeighteu  its  ; 
ton  it  of  a  violet  liue. 


ARCHIL  AND  LITXl 

§1686.  Thcnameof<tn^Ai7isgireDinc<l 
plex  colouring  Bubataucca  extracted  from 
among  which  may  bo  disttngnished  the  h 
laria  detditata,  tlio  rocceUa  tinetoria,  etc. 
archil,  the  lic-liong  uro  mashed,  and  mac< 
with  n  mixture  uf  urine  and  ammonia,  or 
substance  fermenta  after  aomo  lime,  and 
Itcpt  at  a  temperature  of  77"  or  86*,  . 
archil  is  ready  for  commerce,  and  a  pat  tl 

The  litmui  used  in  the  laboratory  is  prepi 
and  by  a  similar  fermentation. 

The  eolooiing  principles  of  archil  and 
been  isolated  with  ccrlAinty,  although  He 
subetancea  hare  been  separated,  to  which 
given,  bat  which  exhibit  none  of  the  chi 
might  be  supposed  to  be  definite  compo 
directly  on  tlic  Uchonii,  perfectly  well-d 
Btancea  have  been  extracted,  from  which  ' 
archil  and  litmus  probably  originate  dorioj 
plant. 
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By  cxhuitsting  tho  roccvllft  tinctorin  or  tho  leennonk  ptrclU  bj 
ctherr  aud  coiiccutra.tiug  the  etberial  aolutioo  b/  dtatUUtion,  groeoiui 
cnstalii  of  an  acid  substance,  termed  leeanorie  aeidy  are  separatDd, 
vhicK  arc  ]>uri£«(I  by  wa«biiig  them  with  n  small  quantity  of  etber 
and  crystnlliiEing  thrm  sevpral  times  in  nlcobol.  Pure  locaDoric 
acid  is  colourless,  and  r«quir«8  for  ftoluUon  250  parts  of  botliug  water, 
boing  still  leM  soluI>l«  in  coM  wat«r:  wbiloit  dissolvca  in  15  parte 
of  alcobol  and  in  80  of  ether.  It  reddoos  lltmiu  and  dvcompoMi  tbe 
carboDat«!i,  and  the  general  formula  of  its  salts  is  RO,C,Mn,0„-  If 
leeanorie  acid  be  boiled  for  a  lonj;  time  with  absolute  alcohol.  Ucatwric 
ether  0JIj(),C„nj,Oj  is  fftrmcd,  which  is  separated  by  evaporating  to 
dryneaa  and  again  treating  with  boili&z  water,  which,  on  cooling, 
deposits  it  in  the  form  of  small  crystals,  which  may  be  sttblinied 
without  alteration.  A  methtflle-eanoric  ether  C^jO,C„H,0,  in  pre* 
pared  in  tho  saiiio  iDiinncr. 

§  1C3T.  Looanoric  acid  is  decomposed  by  heat  into  carbooio  acid 
and  a  new  aubstancc,  i>rci/i,  which  yolatilixcs.  It  umJorgOM  the  same 
dircom position  whun  heated  with  the  alkalies,  or  treated  erea  with 
cold  sulphuric  acid.  Tho  beat  method  of  preparing  orcio  consists 
in  boiliiig  lucaDorlc  acid  with  ou  excess  of  water  of  baryta,  precipi- 
tating tho  bnryta  hy  carbonic  acid,  and  filtering  the  boiling  li;^nid, 
which,  after  evaporation,  fuTDishca  crystals  of  impure  orciu.  Tjic»c 
being  Tcdisaolved  in  water,  th*  liquid  13  boiled  for  some  time  with 
kluminu  or  recently  precipitated  scsquioxidc  of  iron;  when  the 
filtered  liquor  rIoposttA,  on  evaporation,  pure  orcin,  in  long,  slightly 
yellowish  pmmatio  crystals,  which  first  part  with  water  by  neat, 
«nd  then  sublime  without  alteration.  Orcin  dissolrea  readily  in 
aJcuhul.  Tbe  formula  of  ito  hydrated  crystals  is  C,4H,0„8HO,  aod 
it  is  precipitated  by  acetate  of  lead,  famishing  a  compound  of  the 
formula  oPhO,C,JI,04. 

Ammonia,  oxygen,  and  water  convert  orcin  into  a  colouring 
',«uh»tanep,  orcein,  whicli  appeara  to  be  one  of  the  colouring  prin- 
eiples  of  archil.  The  le-iction  is  arreatcd  when  the  suhutanoe 
communicates  a  beautiful  violet  colour  to  tho  water;  for  if  it  were 
prolonged,  new  substances  would  be  formed,  which  would  turn  the 
water  to  a  brown  colour. 

According  to  an  analysis,  the  formula  of  orcein  wouU  fe 
CifllyNO.;  and  it  pn>duce9,  with  potas»a  and  soda,  violet'^ad ^fe- 
-tions,  and  with  ammonia  a  beautiful  violet  colour. 

§1638,  By  exhausting  the  leeanorn  parolln.  divided  nsc  aad 
pieces,  by  boiling  water,  a  yellowish-brown  liquid  is  obtaiM^i 
deposits,  on  cooUng,  crystalline  flocculi  of  an  acid 
«ryfArM  add,  wliile  tho  mother  liquid  contains 
pierwrythrin,  which  is  a  product  of  the  alterstim  oT  < 
Of  boilmg  water.    Erythric  acid  in  purified  by  disaolrai 
aad  constittttca  a  white  cryHtallinc  substance,  reqn'  ' 
200  fctmeB  its  w^ght  of  boiling  water  for  solutiaa, : 
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tioD  of  it  Wing  deposited  on  cooling.  It  ia  more  soluble  id  aIodIioI 
asui  in  ether,  and  iu  solutions  redden  liUnus.  Its  compoeitiuQ  oor- 
responds  to  the  TormaU  C,,ll„0,^,-lHOi  iind  when  licatcd,  tt  first 
melts,  nti'l  iH  then  dccumjHMud,  ^ivinj;  rise  to  orcin,  whicli  sublimes. 
The  cold  alkalies  dissolve  it  vtilhout  chuD^e,  while  if  it  bo  heakd 
to  the  boiling  point,  orcin  und  carbonic  itciil  are  formed.  A  Mo- 
tion of  erytbrate  of  ammouia,  exposed  to  the  «ir,  soon  produeti  t 
liquid  of  n  deep  purple  colour. 

If  erjtbriv  acid  be  boiled  vitli  absolute  alcohol,  a  compouod, 
trythric  ether  (C',II,0+3H0),C5,Hii,0,„  formerly  called  ptcildetrjf' 
thrin,  is  formed,  which  ia  soluble  in  boiling  water,  ana  neparaM 
from  it,  ou  coulmg,  in  crystalline  acicaUe.  or  in  oiljr  drops  whidi 
soon  becomo  solid. 

The  picrourythrin  remaining  in  the  mother  liquid  which  has  de 
posited  the  crTlhrio  ocid,  and  whiclt  is  formed  directly  by  boihng 
orytbric  avid  for  a  lon^  time  with  water,  differs  in  its  composition 
from  the  latter  acid  only  by  containing  5  additional  equivalents  of 
water,  itis  formula  being  (i^^ll^i)^  The  picroerytbrin  remains, 
after  evaporation,  in  the  form  of  a  white  crystalline  maas,  which  is 
converter  into  orcin  and  carbonie  acid,  either  by  heat  alone  or  by 
boiling  it  with  alkalies. 

By  exposing  erythiie  acid  dissolved  in  hot  water  to  the  air  for 
Bereral  days,  the  liquor  turns  brown,  and  then  contains  two  new 
crystallinble  suhstsncea,  called  amarytkrin  and  telerythrin,  the 
first  of  which  is  very  soluble  in  water  and  alcobol,  while  the  eecoDil 
is  insoluble  in  cold  alcohol,  thus  furniuhing  an  eaay  means  of  sep*' 
rating  it  from  the  first.  The  oompoeition  of  theoe  Bobetaocea  it 
UDknovn. 

DTDIQO. 

S  1689.  Indigo  is  found  im  u  great  number  of  vegetables,  particu- 
larly in  plants  of  tho  gcnun  indigofcra,  m  the  pciugonum  tincioriuoi, 
and  iu  wood;  being  chiefly  ohliuued  from  the  mdigoferoos  plania. 
After  the  fiuworing  of  the  plant,  tho  leuvvit  which  contain  ^ 
grt^ater  j>roportiou  of  indigo  are  removed,  and  dried  in  tho  son ;  and 
then  they  are,  after  being  crushed,  infused  for  2  or  3  hours  with  8 
times  their  volume  of  cold  water.  The  solution,  after  being : 
through  a  cloth,  is  stirred  in  the  air  for  some  time;  after  whic 

litres  of  limcwater  for  every  10  kilog,  of  dried  leaves  are  add , 

when  the  liquid  soon  turns  blue  ami  deposits  indlfo.  ^e  deposit 
ia  Bepnriited,  washed  with  a  small  quantity  of  boiling  water,  and, 
after  being  drained  on  a  cloth,  is  8ubjecte<l  to  heavy  prewure.  Tti^^ 
substance,  after  being  dried  in  the  nir  and  cut  in  pieces,  cotiStitd^| 
the  indigo  of  commerce,  which  is,  however,  very  impure,  and  «^^ 
tains  only  about  46  per  cent  of  real  indigo  or  irtaiyotin,  the  balance 
consisting  of  reninoua  Kubfitsncoji,  fecuU,  carbonate  of  lime,  anc'^ 
large  number  of  other  saline  suUtancca.    Ia  order  to  reuiovc 
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greater  portion  cf  thtse  foreifm  subetancos,  the  powdered  iodigo  is 
washc'il  HuccciiHivcIy  with  boiling  iratet',  aicoliol,  and  weak  itolationii 
_  of  chloroliydric  acid, 
■i^   Paro  inJigotiii  in  obtoJneil  b;  IicAtIng  indigo  in  a  glus  tube  in  a 
^^nrrcut  of  bydi-ogeu,  imlil  crjatala  begiu  to  subUm©  in  the  anterior 
part  of  the  tubf,  tho  tcmperatiire  being  kept  as  loir  aa  possible  i 
when  the  indijjotm  volatJlizeM  with  a  violet  vapour,  ae  deep  eoloured 
aa  that  of  iodiiif,  a»d  is  dcpiieitt'd  iu  the  form  of  beautiful  crystal- 
line  needles  of  a  purplish  violut  colour.     The  Bamc  vapours  are 
evolved  when  indigo  is  thrown  on  a  hot  bodj,  bat  the  greater  por- 
tion of  the  indigotm  is  then  di:>coRipo8ed. 

Indigotin  ia  wholly  insoluble  in  water,  and  nearly  m  in  alcohol 
and  etticr ;  and  its  composition  correspondfl  to  the  formula  CifH^NO,t 

§1040.  Dilute  n^idn  do  nnt  act  on  indigotin,  while  oonccntratea 
and  particularly  Nordhauscn  sulphuric  acid  dissolve  it  re»lily.  and 
producR  a  beautiful  blue  liquid;  the  renotioD  being  not  owing  to 
^olHtion,  but  rather  to  an  actual  combination  of  the  indigotin  with 
ioilphuric  acid. 

AVhea  indigo  is  digested  with  about  &  parts  of  monohydrated  sul- 
phuric  acid,  raiitiag  the  temperature  to  about  122^,  the  indigo  dis- 
solves, and  fonns  n  liquid  of  a  rery  intense  purple,  depositing  a  blue 
precipitate  when  diluted  with  water,  which  ia  collected  on  a  Blt«r, 
and  washed  with  water  acidulated  with  chloroliydric  aeid  until  the 
wanliingH  contjiin  no  more  sulphuric  acid,  when  it  is  dried  by  henU 
ing  it  to  348'  in  vacao.  This  compound,  called  indija-parpte,  or 
tuiphopurpuric  acid,  has  the  frinuula  C,jIi,NOj,SO,.  ami  iliNiolrea 
in  pure,  but  is  insoluble  in  acidulated  water.  It  fumis,  with  the 
alkaticts  purple  compounds  which  are  precipitated  in  fiocculi.' 

By  treating,  on  tho  contrary,  1  part  of  indigo  witli  15  or  20  parts 
of  raonohydratcd  sulphuric  acid,  or  H  or  10  partis  of  Murdbauscn 
acid,  and  kevping  tlif  mixture  for  some  time  at  a  It'inpemtnro  of 
l^iii"  or  140°,  a  beautifully  blue  liquid  is  obtained,  whioh  contains 
another  compound  of  indigotin  wiln  sulphuric  ncid,  eulphlndii/otie 
acid.  By  adding  to  thia  hqtud  40  or  50  times  its  volume  of  water, 
a  email  quantity  of  iudigo-purplc,  which  is  collected  on  a  filter, 
sometinics  Bcparates.  The  liquid  being  Batnrated  with  carbonate  of 
potnjMa,  a  precipitate  of  sulphiiidigot^ite  of  (lotasiut  is  formei),  which 
is  soluble  ia  fresh  water,  hut  insoluble  in  water  highly  chargi'd  with 
ftulphate  of  potasAa.  It  is  washed  with  a  solution  of  acetate  of  po- 
tassa,  which  not  only  difisolves  the  aulphindigotate,  but  bI«o  removes 
tlie  sulphate  of  potassa;  and  lastly,  it  is  treated  several  tiooes  with 
alcohol,  which  removes  the  acetate  of  potawa  without  dbaolving  the 
sulphindigotate. 

The  formula  of  Hulphindigotate  of  potaioia  ia  K0,(C,4H,N0p 
SjOj),  showing  the  indigo  to  liavc  lost  1  eqniv.  of  hydrogen,  which 
combined  with  1  cfpiiv.  of  oxygen  given  ofi*  by  the  Nulpliuric  arad. 
And  which  separates  in  the  state  of  water  when  sulpbiiidigutic  aetd 
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U  eombia«d  irith  baees.    S«rentl  other  Bolphindieotatcs  may  be 
obtained  from  tbe  potass*  Rait  by  double  decomposition. 

Lastly,  by  causing  a  larj^cr  ([auiittty  of  fuming  sulphuric  acid  to 
act  on  indigo,  a  new  acid  in  formed,  togothinr  with  the  sal phindigolie 
acid,  fomiinB,  vith  the  alkalies,  more  soluble  salts  than  tho  aulpbin- 
digotacpa.  Tbis  aoid,  the  cotnpotution  of  which  is  unknown,  bae 
rccetvod  the  nntnc  of  hypotulphindigotie  aeid. 


a,  it^^ 


While  Indigo. 

§  1641.  Wlion  blue  indigo  is  subjected  to  reducing  ngenta,^ 
btncs  with  the  hydrogen  set  free,  and  is  converted  into  a  colourUts 
subgtaDce,  called  white  indigo,  or  eolourioM  indigotin,  which  by  expo- 
sore  to  tliu  air  again  pafisca  into  the  at«te  of  blue  indigo.  It  is 
preparvd  by  placing  in  a  barrel  holding  1  hectolitre,  a  i  kihw.  of 
indigo  of  commerce,  1  kilog.  of  sulphate  of  the  protoxiue  of  irob, 
and  1}  kilog.  of  lime;  after  which  the  barrel  is  flllod  with  u^utl 
water,  shukca  actively,  and  hcrmcticany  cloeed.  After  two  day*. 
the  clear  superufttiuit  lii:|uid  is  drawn  off  by  a  siphon,  and  coowjfi 
into  largo  bottles  filled  with  carbonic  acia,  at  the  bottom  of  vhjch 
BceUc  or  chluruhydric  acid,  charged  with  eutphuric  acid  in  suffioieai 

3uantity  to  saturate  the  lime,  has  been  placed.  The  liquid  imme- 
lately  bccomea  clouded,  grayish-white  flakes  being  precipitated 
vhich  arc  collected  on  a  filter  and  rapidly  washed,  first  wttti  wsttr 
charged  with  su]|ihurous  ucid,  and  then  with  recently  boiled  frah 
water.  The  filter  is  expressed  between  tissue-paper  and  tho  wifr- 
Btancc  dried  iu  vacuo. 

Tliis  substaneo  is  white  indigo,  but  it  ia  rery  difficult  to  prerenl 
it  from  absorbing  a  small  c{uaRtity  of  oxygon  from  the  air,  aad  il 
should  bo  kept  in  bottles  filled  with  cnrbouic  add.  It  is  insolable 
in  water,  Hulubtc  in  alcohol  and  ether,  doon  not  net  on  litmua,  and 
is  decumpmed  by  hoiit.  It  rapidly  turns  blue  in  water  contuniw 
air,  and  docs  not  combine  directly  with  the  weak  acidf>;  altboo^ 
during  the  reducliou  of  sulphindigotic  add  by  sulf  hydric  acid  a 
cotoarlou  substance  is  obtained,  which  is  probably  a  compound  of 
ooloorlesa  indigo  with  sulphuric  acid.  Nordbausen  acid  disstdm 
it,  but  the  lii^uid  is  of  a  beautiful  purple  colour;  and  all  oxidinug 
agents  coitrcrl  it  instantly  into  indigo-blue.  Wbito  indigo  readBjr 
combiner  with  basee,  ^u^Ili»^bing  several  f^oluble  compooou;  wImd 
is  the  case  with  the  alkalies,  ammonia,  lime,  baryta,  and  magaesia; 
the  solutions  being  yellowish,  but  soon  turiimg  blue  in  the  air.  The 
other  metallic  oxides  form  insoluble  compounds,  which  &re  eaeaij 
obtained  by  double  decomposition.     Tlio  composition  of  white  indi- 

fo  corresponda  to  tho  formula  C„II|,NOi.  and  differs  from  that  of 
luc  indigo  C,^|NO,  only  by  conluioing  2  additional  e4{uivaleats  of 
hydrogen. 
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Proditct*  of  the  Action  of  Kitriff  A<id  wv  Indigo. 
&1&42.  Tho  action  of  nitric  acid  on  indi^  produces  itatin 
0||EpNO„  remarkable  for  the  oomeroiu  subsUiDces  which  have  been 
ddrivcd  from  it-  A  liquid  paste  la  tasde  with  I  kilog.  of  indigo  of 
commerce  and  water,  which  is  carefullj  heated  in  a  porcelain  cap- 
eulo,  nitric  aciil  being  ({mdonlly  tntrodnccd  with  constant  Ktirring, 
until  GOO  or  700  gm.  of  acid  arc  added.  The  indigo  has  then  di»- 
appeared,  and  the  liquid,  which  is  mnre  or  less  brown -coloured, 
contains  tho  isatln,  mixed  with  Bev^>ral  other  ftubstances,  which  have 
not  yet  been  examined.      The  liquid,  being  diluted  with  a  large 

SniDtitj-  of  water,  is  bcatod  to  boUiiig,  and  the  boiliag  liquid  rapidTy 
hered,  when  tho  isatln  is  deposited,  on  cooling,  in  roddifth  mamii> 
lary  crystals.  Tho  deposit  remaining  is  heated  with  the  mother 
liquid  which  ha»  deposited  the  first  cr^'»tallizuti»n  of  isatin.  which 
fumiBhes  an  additional  quantity ;  and  thi»  proeeu  is  repeated  until 
no  more  inatin  is  dc-poHitcd. 

Isatin  ma^  aku  be  obtained  by  heating  indigo  with  a  mistore  of 
bichromate  of  potoaoa  and  sulphuric  sctd,  dissolved  in  20  or  30  parts 
of  water. 

Isatin  is  aliglitly  soluble  in  cold  water,  bttt  Urgclv  bo  in  boiling 
water,  and  itLill  more  freely  in  boiliu};  alcohol ;  and  it^  solutiorm  do 
not  act  upon  litmus.  When  heated,  it  tint  melts,  and  then  gives 
off  rapours  of  unaltered  Isutiii,  the  greater  portion  of  the  iubntance 
being  neverthclefis  decomposed,  and  leaving  a  copious  carbonaceous 
reaidne.  Concentrated  nitric  acid,  when  cold,  readily  diiuolvea 
iastio,  forming  a  browniBh-rcd  liquid,  which  dcpostta  unaltered  isa- 
tin ;  while  if  tiic  liquid  be  boiled,  lively  reaction  ensues,  and  oxalic 
acid  is  foruitid. 

Isatin  is  eaaily  acted  on  by  chlorine,  ami  yields  products  derived 
by  substitution.  Tbo  isatin  must  be  diluted  with  water,  anil  a 
current  of  chlorine  passed  through,  when  tnonochhrinaUd  isaiin 
CuH^CINO,  is  first  formed;  whilo  if  tho  action  of  tho  chlorine  bo 
prolonged,  lichlorinated  itatin  Ct(ll,CliNO,  is  produced ;  tbo  same 
compounds  being  obtained  by  causing  chlorine  to  act  on  indigo. 
Bicbloriuated  isatin  is  moro  soluble  m  water  and  in  alcohol  than 
monuchlorinated  isatin.  Isatin  luid  indigo,  in  contact  with  molted 
hydrate  of  potasaa,  evolve  hydrogen,  and  anilin  is  formed,  (§  1684 ;) 
whilo,  under  similar  circumstances,  mnnochlorinaled  isatin  produces 
monochloriiiated  anilin,  and  bichlorinated  isatin  bichlorinated  anilin. 

When  a  concentrated  solution  of  potnaaa  is  poured  over  batin. 
there  results  first  a  violet>ooloured  Uquid,  which  by  boiling,  and 
after  being  diluted  with  water,  is  converted  into  a  yellowish  sola* 
tion,  depositing  crystals  on  evaporation.  Hero  isatin  has  seised 
upon  the  elements  of  1  equiv.  of  water,  and  been  ooikvertf»l  into  a 
new  acid,  called  isaf ic,  the  formula  of  isatate  of  polawa  being  KO, 
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'^Vith  ammonia,  isfttin  itnd  isatie  acid  fonn  numcmus  compoaii4i 
wluch  irill  Dut  occupy  our  Attention. 

By  suMeciirif!  battn  to  tho  action  of  redacing  agonte,  it  is  cl 
into  iMOthjjd  C,cH^O,,  by  it  reaction  prfciselj  &imilnr  to  that 
eooTWte  blue  into  vhttc  indigo.  Snlfhydratc  of  amnioiu& 
Murod  into  u  liot  alcoholic  solution  of  isatts,  and  the  mixture 
ionod  to  rest  for  some  days  In  n  weIl*corked  bottle,  sulphur  '\a  dep4^ 
BJtcd,  at  tho  Bome  tiin«  with  laoQlnated  crystals  of  isntLvd.  wbicli 
are  oolourlees  or  slightly  grnyisli.  They  are  innoluhle  in  water, 
bat  Bli^htly  loltible  in  hoilinK  alooliol,  from  which  they  are  depo- 
sited on  cooling ;  and  they  aro  decotnpoMiit  l>r  heat.  By  treauog 
monochlortnated  and  bichlortnated  isatin  in  tbt'  Borne  manner,  there 
reeults  monochlorinattd  itathtfd  CifllgCINO,  and  biehUtrmaUd  tiw- 
Ihyd  C,.H,CUNO,. 

If  Htilf  hydric  arid  ho  substituted  far  «nlf  hydrate  of  amtuonia,  i 
ieutin  Is  not  satiHficd  with  1  etjulv.  of  hydmgcii,  but  also  cxcl 
2  cqiiiv.  of  oxygen  for  2  r<iuiv.  of  sulphur,  and  fuminhcs  a  new  J 
Btance,  huuJphuathtfd  C^U^OjSj,  which,  wlien  treated     "  ~ 
alcoholic  eolation  of  potuesa,  forms  a  red  liquid,  dcpoaitiog  ' 
lew  cryetalii  u^ snlphixathi/d  0,„lljN0j8. 

If,  on  the  contrary,  the  hisulphisathyd  bo  heated  irith  a  hif 
conce&tmtcd  mtlution  of  potu^a,  the  2  cijuiv,  of  nulpliur  arc  remc 
and  n  roee-coloiircd  liquid  ix  obtnincd,  holding  a  rose-cohmretl 
Blaucc  in  sotutiou,  uf  the  5unir>  elementary  composition  with  wbifi 
indigo,  and  which  has  received  the  name  of  tndin. 


ACTION  OP  VEGETABLES  ON  THE  ATMOSPlIEItE, 

§  1643.    VcgotabJes   dorire   tho   matoriala   necessary  for  the 
growth,  priucijwdly  from  the  atmosphern;  hnt  an  the  rariou 
cumstanccit  of  this  phenomcuon  are  not  well  iindcrstWKl,  we 
onlv  monttun  what  is  most  accurately  known  nti  the  subject. 

All  vegetables  spring  from  a  seed  wliich  is  the  product  of  a  : 
lar  vegetable,  and  if  properly  drind  and  prcaerrcd  froui  moisttuv  i 
tho  attacks  of  insects,  aupeard  to  be  able  to  retain  its  f^rminadi 
principle  for  an  indcfimte  length  of  time.      But  if  it  come  bt 
contact  viith  nnler,  and  tho  temperature  be  not  loo  low,  it 
swells,  while  its  woody  envelope  craelc",  ond  Blumeots,  or  r/tdula 
which  endeavour  lo  penctrato  the  earth,  gtart  from  on©  aide, 
from  the  other  riscB  a  ftuiail  stem,  ihv  germ,  in  an  opposite  di 
tion,  into  the  air.     These  primary  developments  of  vejfotable  HE. 
toko  place  at  the  expense  of  tho  nmylaecouft  matter  of  the  seodf  ii 
which  is  formed  a  nitrogenous  priucipto.  called  (iiaataxe  iu  the  « 
rcalia,  the  special  office  of  which  ii  to  convert  rapidly  the  starch  int 
dextrin  njid  sugar,  thai  is,  into  soluble  principles,  which,  by  mean 
of  agoncie«  as  yet  unknown,  are  again  ore«Tiixed,  nnd  ir&usfonnt 
into  ccUiiIoae,  in  its  turn  serving  for  tho  fonuatioa  of  tbc 
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celtnUr  tieauesof  the  germ  nnd  rndicles.  Durine  this  first  cjioch  of 
TOgetsble  life,  earbonic  acid  is  <lisenj;^agc«I,  and  tlie  pre.'^ncc  of  oxy- 
gen Appctirtii  eeaential,  for  moifttcned  eceds  v\l\  not  germinutc  in  an 
filtnosphere  deprived  of  ihi»  gna.  The  portions  of  the  seed  vbicb 
furnish  the  amylacooua  substance,  the  cotyledon*,  have  tben  lost 
their  consistenw,  and  wither. 

When  it  reachea  the  air,  the  Kena  asstnoca  a.  green  colour,  nod 
tliroira  out  th«  primarj  leaves.  The  phenomena  of  aHsimibtion  arc 
tlieiL  wholly  changed,  and  the  qcw  vec«table  seeks  the  oloments  tie- 
CMMrj  to  its  grovch,  principally  in  ilie  atmosphere ;  aud  iL4  green 
portion*,  the  leaves  chiefiy,  under  the  influence  of  solar  light,  ab- 
sorbing the  carbonic  ociclof  the  air,  as»iimlatc  to  tlieniselvca  tbo 
carbon,  and  give  out  oxi^geo  into  tlic  Atmosphere;  while  they  oIdo 
pusik-ss  iheinselves  of  a  certain  quaiitily  of  nitrogen,  which  itcrvcii 
for  the  formnlion  of  the  nitrogcnona  principles  e&sentinl  to  them. 
Tht  hydrogen  i»  evidently  furnished  by  tlio  water  which  arises  both 
from  the  Tapour  dis-seminated  in  the  ntmocphere  ond  the  moisttu'o 
of  the  «oil.  Tlie  gre&tor  portion  of  the  water  remains  aa  such  in 
the  vegetable,  and  forms  the  sap,  which  servea  to  irans|X)rt.  through 
the  various  parts  of  the  plant,  the  nutrient  principles,  rendered  solu- 
ble by  actions  at  present  unknown  ;  while  another  pan  of  the  water 
is  probably  decomposed,  by  the  action  of  the  vegetative  forces,  into 
bydroeen  which  in  a5»imilatc'l,  and  into  oxygen  which  is  disengaged 
nith  that  uriHing  from  the  more  or  less  complete  decompOMtion  of 
tlie  carbonic  acid. 

§  1644.  In  this  theory  of  vegetable  growth,  wc  have  snpposcd  the 
earth  to  pUy  hut  an  unimportant  part,  and  to  serve  merely  as  a 
boso  on  wluch  the  plant  \s  erected,  and  whence,  by  moans  of  its 
roots,  it  can  procure  the  greater  portion  of  water  ncceaoary  for  sap ; 
but  the  daily  experience  of  the  larmcr  prores  that  its  part  la  less 
passive.  When  the  soil  is  deprived  of  orcaiuc  substances  in  decom- 
position, it  a  known  to  Bare  lost  its  fertility,  and  to  give  birth  to  a 
small  number  of  dwarfish  plants,  whicli  struggle  with  difficulty 
through  the  various  phases  of  au  ephemeral  uxietoncc ;  and  in  order 
to  restore  it^  fertility,  it  must  be  supplied  wilh  organic  detritus, 
principally  niiimal  ^ubtiiancea,  known  by  the  name  of  manures. 
Al»uures  supply  the  roots  with  organic,  ohiolly  nitrogenous  sub* 
stuoci-i*,  whieJi  the  vegetable  asaimUates  to  iteelf ;  while  they  alao 
furnish  mineral  principles,  either  already  soluble  or  rendered  so  by 
the  ebcmicul  agencies  developed  in  the  earth.  These  constituents, 
-which  are  found  again  in  the  atthea  of  the  vegetable,  are  necessary 
to  iu  well-being ;  and  when  they  are  wanting  in  the  soil,  or  do  not 
exist  in  sufficient  f|uantity,  the  plants  wither,  and  arc  unable  to  con- 
struct the  mineral  framework  which  appears  to  he  ea^ential  to  some 
of  them. 

§  1645.  The  following  are  Bomo  oxperimonta  iu  support  of  this 
theory ; —  » 


L 


718 


VBOETABLB  PIIY8I0L0GT. 


The  (IccampoBilion  of  carbonic  acid  bj  the  sreen  portioDS  of 
Tcgctables  can  Vi«  very  earily  d«non8tratcd.    By  placing  frcth 
leaves  in  a  bolI-glaK»,  partly  filled  irilli  water,  and  pai-tly  wilb  car- 
bonic acid  gafl,  and  ozpoeing  th«  gliiBS  to  the  gtin,  the  CHrlionic    "" 
disappears,  and  afker  inhhc  time  \b  rcpW'cd  by  a  rather  sm 
quantity  of  oxygen;  and  aa  carbonic  acid  eontaJna  »  volum* 
oxygen  equal  to  its  own,  vc  may  conclude  from  tbis  cxprritn 
that  all  the  oxygen  of  the  carbonic  arad  is  not  set  fr««.     The 
bonic  acid,  very  probably,  is  only  partially  docompo««d  by 
Tefiolable,  being,  for  example,  reduced  to  the stateof  carbonic  oxii 
•which  enters  into  the  constitution  of  new  organic  substances, ' 
rcmnindcr  of  the  oxygen  ariging  from  the  aecomposition  of 
Tatcr.     If  pATt  of  a'branch  of  a  ttM  b«  placed  in  a  bell-f;lajia  ox- 
poaed  to  the  sun.  and  into  which  has  been  introdnced  a  mixture  in 
known  proportions  of  atmospheric  air  and  carbonic  acid,  it  will  be 
easy  to  ascertain  that  the  gits  which  CMrapen  from  the  be1]>glsn  j^H 
afanoet  wholly  deprircd  of  its  carbonic  acid,  and  that  the  latter<^| 
replaced  by  ox\gcD. 

This  decomposition  of  carbonic  acid  by  the  learen  talccA  place 
only  under  the  influence  of  the  solar  rays  and  the  diffiue  li^nt  of 
day :  while  in  the  dark,  or  wbcn  exposed  to  artificial  ligat, 
inreno  action  cdbucs.  Expciiment  anows  that  in  this  case, 
evolve  ca.rbon!c  acid  and  absorb  oxygen,  while  if  the  efl!ects  of 
day  be  compared  with  those  of  the  night,  the  former  will  be  ft 
to  excet^l  tlie  hitter  greatly,  and  consequently  the  action  resulting 
is  that  which  takes  place  under  the  inflacDoe  of  the  eolar  njrs. 
Those  part3  of  the  vegetable  which  nre  unprovided  with  the  j/nroi 
paretMiffma^  the  roota,  chieSy  behare  with  regard  to  the  atiB^_ 

r'  eric  air,  even  in  the  sun,  like  the  green  parts  in  the  dark,  eia^H 
y  absorb  oxygon  and  crolve  carbonic  acid.    Tha  abMrption  4^^ 
oxygen   appenrs  to  be  eaeential  to  them,  for   a  Tegetable  mob 
perishes  when  its  roots  are  in  nn  atmosphere  deprived  of  this  gu- 
The  fullowiug  experiment  proves  very  conclusively  the  moaner  in 
which  a  pbnt  grown  at  the  exnonso  of  the  elements  of  atmospheric 
njr : — A  laowa  weight  of  seed  is  sown  in  a  soil  formed  of  pounded 
bricks  or  (juartmse  nand   previously  calcined   and   waabed,  thi» 
arti6cial  aod  being  placed  under  a  beU-gla«s  bo  arranged  as  to  be 
kept  properly  moiiit,  and  expose<l  to  the  sun,  while  a  current  of  air, 
to  which  I  or  2  hundredths  of  carbonic  acid  gas  are  udded  to  assist 
the  development  of  the  vrgotnMc,  is  passed  throngh  the  h«ll-glaMk 
The  weds  soou  germinate,  the  plants  grow,  and  paes  through 
T»nous  phtuscs  of  vegetable  life,  without,  howeror,  ever  attaJni 
the  dcTelopment  and  strength  they  woald  have  actguired  in  a  fei 
soil.    They  are  then  removed,  and  the  absolute  quantities  of  carl 
hj^drogen,  oxygen,  imd  nitrogen  which  they  contaiu  are  ascertained 
by  chemical  experiment.     It  is  evident  that  the  soil  could  ~^     " 
them  nothiug,  as  it  is  unchangeable,  and  at  all  events  ooutaina 
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corboQ  nor  nitrogen ;  and  therefore,  if  tfacy  have  not  borrowed  their 
carton  and  nicroj^en  from  the  air,  ttiey  cnn  contain  only  the  carbon 
Olid  nitrogen  which  existed  iu  the  seeds.  Kow,'  it  is  easy  to 
anaJyie  n.  sample  of  ^eed  identical  with  that  wliich  has  germinated, 
and  determine  by  calculatioD  the  carbon  and  nitrogCD  contained  in 
the  seeds  which  hare  vegetated;  and  bv  comparing  this  quantity  of 
oarboB  and  nitrogca  with  that  found  in  the  plants,  the  latter  will 
bo  foond  to  he  much  larger.  It  must  therefore  be  admitted  that 
tlt«  plant  ha^  absorbed  carbon  and  nitrogen  from  the  attnoBphero. 

fil646.  We  have  shown  (§yi)  that  atmospheric  air  ccmlainsonly 
from  4  to  6  ten-thoiuandths  of  carbotuo  acid,  which  very  small 
proportion  is  still  sufficient  to  furntEh  the  carbon  which  accamulates 
in  the  vegetables  covoring  the  earth.  But  the  carbonic  acid  of  the 
^r,  which  thus  disappcans  is  constuntly  reproduced  aiid  rc9torc<l  to 
the  atmosphere  by  the  rL'Spiration  of  auiiaulis  the  decompoaition  of 
Tegetablce,  and  the  chcmicfti  reactions  taking  place  in  the  interior 
of  the  globe.  Mortfuvcr,  the  terrestrial  atiuusphcre  is  of  con- 
siderable extent,  uud  tbc  total  amount  of  carbonic  acid  which  it 
conlams  includea  a  quantity  of  ciirbon  greater  than  the  whole 
Tcgctabic  kingdom;  and  the  continual  agitation  of  the  atmosphere 
mixes  all  ita  compoucut  parts,  tind  aaaista  the  absorption  of  carbonic 
acid  by  plants  by  constantly  renewing  tho  air  which  fiurrounds 
them. 


ANIMAL  CHEMISTRY. 

%  1647-  The  body  of  every  animated  being  may  be  considered 
•8  a  laborntory  in  which  extremely  numeroos  chemical  reactions 
arc  performed,  the  majority  of  which  are  very  complicated  and  as 
yet  but  little  nnderttood;  aa  wet)  upon  the  nubntances  whieh  al- 
Tcad?  constitute  the  being,  aa  on  the  new  suhstances  taken  in  as  food. 
In  trie  present  state  of  science,  it  is  impo««ible  to  decide  whether 
all  these  reactione  are  owing,  solely,  to  forces  of  the  same  nature 
aa  thoHe  whirh  determine  the  chemical  mrtaniorphoscs  witnessed 
in  the  laboratory,  or  the  unknown  and  «nde6nab]e  cause,  which  is 
called  life  or  vitality,  introduces  into  it  somespecial  forces.*  Even 
admitting  that  we  can  explain,  without  rcaorting  to  other  agents 
than  the  ordinary  chemical  forces,  all  the  chemical  modtficatione  of 
wbstanoes  in  the  vegetable  or  animal  economy,  we  should  still  be 
obliged  to  admit  the  existence  of  special,  and  fto  to  say,  intelligent 
actions,  in  order  tu  explain  thci  varied,  and  yet  m  ch'arly  marked 
forma  which  solid  matter  assumes  in  the  composition  of  tlic  various 

*  W*  me  here  tli«  word/^pM,  bccAUM  it  is  jjcnenllj  otcij  ta  tUa  lencB;  bnt  It 
ntut  not  t>«  forgattcn  that  it  In  oo  wJM  HtisSea  the  dtllniUtia  of  it  girea  in  me- 
ohanie*.  U  moroly  cT|it««aes  tbc  effieitnl  and  iinktiftwn  pnnM  uf  enmplicaled 
•ffvcte,  lliQ  »ikcl  sniiljuis  iir  whicb  U  at  th«  preMnt  d.tf  n*  yet  impoMibt*. 
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org&tuc  forms,  so  differcut  from  those  oesumcd  b;^  nutter  wfaeu  it 
Himply  obejs  the  Una  of  molecular  attrftclioti,  witbont  rn^ni  to 
tUe  orgnnism.  •  A  siuj-le  substance,  iit«xii6ed  by  tbt-  vital  forves, 
iDftj  UAuiiie  tbe  tnoet  vani'd  orgnnio  forms,  and  different  eutoe  of 
aggregation,  wliicb    frequenlly  alter   its  apparcot   properties 
greatly  aa  to  lead  us,  at  first  sigbt,  to  consider  them  as  difle 
sabstancea.  Tb«  progress  of  aubstanccfl  in  the  ccononiy  is  gurei 
by  lawa  and  dirflctca  by  mcchanicnl  nrrnngemcnts,  goneraliy 
difficult  cxplauation,  and  acting  by  instinct,  which  impel  tb(.'5i>  sn 
stanoM  BuccMsively  into  the  ve-is*"!.*  in  which  they  arc  elaborat 
and   fitted  for  tbe  special    functions   assigned  to   them    io 
or^nistn. 

The  study  of  the  modiScatioa  of  matter  in  the  vegetable  and 
animal  economy,  therefore,  prosentM  difEciiltieti  miteh  greater  tha^^ 
those  of  the  chemical  phenomena  obfierved  in  the  laboratory.  Th^^| 
oocnr  between  substaooes  generally  of  very  complex  compositioB. 
of  extreme  mobility,  and  wdGeult  iic^iiioD  by  the  characters  wa 
have  adopted  for  mineral  rabstanccs.     At  each  Mtep  we  meet 
tlioite  myHteriona  agencies,  by  which  very  small  quantities  of  c«r 
substances  of  a  nature  still  problematical,  execute,  withonl  any 
parent  intervention  of  their  chemical  elemontti,  reactions  bctwc 
incompnraijjy  larger  quantities  of  ntbcr  Bubetancee:    phenometti 
.of  wluL'b  many  examples  buve  already  been  mentioned  in  the  pR^H 
sent  work,  and  from  the  e:fplaRation  of  which  chemists  geaeral^H 
extrioato  themselves  by  calling   them  j^kcnemma  of  wiUaet,  or 
ftrmentationa. 

Again,  other  circumstances  increase  the  dillicnlty  of  this  slndy. 
Substances  are  modified  in  the  animal  and  Tegetabte  economy,  enc- 
ccssirely,  and  in  special  organs  which  It  is  impossible  to  detach 
from  tbo  organized  being  in  order  to  study  the  reactions  which 
talce  place  in  each  of  them,  wiihoiii  altering  completely  the  con- 
ditiou9  whicli  would  bavo  existed  in  the  animated  being.  Lastl) 
iu  the  luluratory,  chemical  reactions  are  stodied  in  i 
vessels  which  play  no  part  iu  the  phenomena,  which  is 
diflcrcnt  in  organized  beings,  chemical  reactions  being  th 
in  vessels  the  uubftiance  of  which,  for  the  most  part,  shares  in  th? 
reaction,  and  thus  immeasurably  complicates  the  phenomena. 

Wo  have  been  t^atisGedwithdoEcribingthfeubetmiei'sof  regetahloe, 
uninfluenced  by  vegetatiro  life,  and  have  not  touched  upon  thtir 
modifications  in  ihu  plant,  since  we  could  lave  advanced  but  a  fei^^ 
vague  and  uncertain  notions.     Oui-  knowledge  of  the  modificatiM^H 
of  substances  in  the  animal  economy  are  not  much  more  accurate^^ 
and  to  avoid  the  danger  of  stating  any  msh  opinions,  we  sltoald 
observe  the  same  caution,  and  only  describe  the  property  of  thn 
substances  when  they  arc  no  longer  inllueneed  by  vitality.     Iit_ 
here  the  question  becomes  much  mure  important,  on  account  of  its 
inljmate  connection  with  the  medical  seieucvs,  iu  which  our  neij^tl 
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KDce  nitb  the  diemical  r«iictioii8  cnauiog  in  the  liaman  lody  in 
be&lth  or  ia  diseaM  u  of  tho  bighcet  importance,  inasmuch  as  it  may 
furnish  valuablo  means  of  diftffQoais,  or  mn.y  di&corcr  llie  treatment 
applicable  to  variotu  pfttbotogififtl  conditions. 

Wc  aball  describe  the  most  important  and  bcst-knomrn  animal 
8ubHlancc5,  wiib  their  properties,  when  they  »re  unmKiienccd  by 
vitality ;  nnd  then  ciidL-aroiir  to  j^ire  a  general  idea  of  thu  opinions 
CM)  th«  chemical  phenomena  vbicli  take  place  in  th«  economy. 

SOUD  ANIMAL  SCBSTAKCES. 

S3648.  W«  shall  begin  with  the  study  of  the  solids  irhich  fonn 
the  various  orgaus  of  animals,  and  constitute,  as  it  were,  thu  labora- 
tory and  fippflrntiLS  in  nhich  are  performed  tho  great  phenomena  of 
life.  We  snail  divide  them  into  the  hone.s  teeth,  cartilages,  the 
oomeooR  ti!u;ue.  the  skin,  and  the  various  membrant-s,  ma<u;ular  fleab, 
fatty  substances,  and  tho  cerebral  eubstance. 

§  1649.  Boxes, — BotieH  form  the  frame-vrork,  or  what  is  called 
the  tkeieton  of  vcrtcbratod  iwimals.  Tfacy  are  composed  of  an  organic 
portion,  tho  cartitagincut  tubitance,  mid  of  earthy  matter,  cousiat- 
iDg  ehiefiy  of  carbonato  nnd  phosphate  of  limo,  and  constituting  in 
the  mammifenc  alout  i|  of  the  weight  of  tho  bone.  Tho  bones  arc 
coTorcd  externally  with  a  fibrous  membrane,  the^riorttfum,  which 
contains  tho  external  blood-veseela  distributed  to  the  booea,  ftod 
Buppliee  thorn  ivilb  matter  for  increment.  IntomaUy  is  found  SD- 
otner  membrane,  the  medullary,  vhich  also  receives  blood-vcesola. 

When  a  hone  is  suspended  for  scTcral  days  in  a  wea,k  eolution  of 
chlorohydric  ncid,  the  earthy  salts  are  dissolved,  and  there  remains 
only  the  cartilage,  retaining  exactly  the  shape  of  the  bone,  bat  re- 
duced to  a  soft  and  translucent  sub«iance.  It  is  necessary  to  renew 
the  liq^uid  several  timc^i,  and  liwtly  to  waah  the  cartilage  with  fresh 
water  until  no  traces  of  acid  remain.  When  dried,  tbe  cartilaginoiis 
Buhstsnco  partly  lo«c»  its  tmnslucency  and  becomes  brittle.  Ether 
separates  a  small  quantity  of  fatly  matter  from  it. 

Cartilage  is  insoluble  in  cold  iratcr,  but  ultimately  diasolvcs  whoDy 
in  boiling  wutor,  beiug  converted  into  a  substance  commonly  called 
gelatin.  Wc  subjuiu  thu  average  composiliou  of  the  boocs  of  ao 
adult  man  and  that  of  an  ox,  in  a  state  of  health : 

.  38.30 


Kim. 

Organic  matter 38.80  

Bauc  phosphate  of  lime  nith  a  small  quantity 

of  fluoride  of  calcium 53.04  

Carbonate  of  lime 11.80  

Phorphate  of  magucaia 1.16  

Soda  and  chloride  of  sodium 1.20  

100.00  100.00 

The  composition  of  the  bones  of  the  other  mammalia  and  of  birds 
la  aoabgouB,  while  in  fishes  the  proportion  of  the  organic  and  earthy 


57.35 
3.85 
2.05 
3.45 
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mttters  r&ries  oonsitler&btj,  and  thcjr  may  bo  diridcil  into  ftpi^ 
fithei,  whoM  bones  eoatain  targe  qu&ntiUoB  of  calcareous  salu,  n| 
eartilaginova  fiahat  whose  bonc«  arc  nearly  dntitutc  of  these  aalt< 
The  proportiou  of  cftrtilaginou*  matter  boiDg  always  groator  in  lb 
bonca  of  fiahca  tlan  in  those  of  other  Tcrtebrated 
fortncr  nre  the  more  flexible. 

S 1660.  TEtTU.—The  composition  of  the  teeth  of  tlio 
does  Qot  rtiffer  much  from  th;^l  of  their  bones,  aa  nill  be 
the  following  analysis: 

Cartilaginous  matter 26.0  . 

FhospUatc  of  lime,  with  flaorido  of  calcium G4.8  . 

Carboiiat«  of  lime 5.3  . 

Pboephatc  of  iua>mc9ia. 1.0  . 

Soda  with  a  email  qu;LnLityofchlondeof  sodium...    1.4  . 

100.0 

The  part  of  the  tootb  beyond  the  gum  is  covered  with  awhiHj 
very  hard  enamel,  almost  wholly  compne«d  of  phoaphaie  of  liuiq 
carbonate  of  lime,  and  a  small  quantity  of  fluoride  of  oaloiiun.  Tb; 
enamel  of  human  teeth  has  been  found  to  coutoia  about  tW.O  of  oily 
carcoua  and  magnesian  phoaphates,  and  8.0  of  earbouato  of  tinMk  J 

§  1661.  Cabtilaobs. — The  name  cartilage  ba^  been  given  to  | 
dry,  elafltic  tissue:,  contmning  ouly  a  few  huodredths  of  earthy  aaba; 
and  very  widely  dUtributcd  in  the  animal  economy,  sometimes  mt^ 
ing  to  connect  the  ciida  of  buiies  which  move  on  each  otbcr,  and  8on» 
times  being  prolongations  of  the  bones,  as  in  the  ribs,  for  oxatn[»l0|i 
and  funusning  them  an  claaticily  suitjiblo  to  their  functions;  wult 
it  finally  eomctimos  forms  the  solid  part  of  certain  organs,  a*  th* 
nose,  car,  the  trachea,  etc.  The  chcuiical  nature  of  all  cortihgMi 
does  not  appear  to  be  the  same,  for  while  some  seem  to  be  ideoticil 
with  the  cartilage  of  the  bones,  and  arc  converted,  by  boiling  woltfii 
into  gelatin,  others,  such  as  the  eartilagt-s  of  the  no«e  and  oan 
not  ondergo  this  transformation.  Cartilages  are  characteri" 
corpuscles  of  peculiar  form,  called  cartilaginou*  rorpaxcUt. 

%  16-52.  Corneous,  o»  Hoitsy  MAriEB. — The  horns,  naila,  < 
luid  hoofN  of  animula  arc  fcmicd  of  substances  possessing  very  s 
propcrtiea,  and  which  hitherto  have  boon  regarded  aa  identical:  iby 
an)  d<.-Btgnntcd  by  the  gciicml  name  of  horny  matter.  Tboy  art 
insoluble  in  water,  aud  soften  in  boiling  water,  and  their  ooo^wn- 
tion  is  as  follows: 

Og*  UcnA  SidUo  Rmm.  Hmibh  Hdfc 

Carbon 50.8 51.4  5U 

Hydrogen 6.8 6.8  6.8 


24.4 


Osygcn 23.5  1 

Sulphur 2.6 /■■ 

Nitrogen 16.3 17.4 


100.0 


100.0 


100.0 
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§  1658.  Hair,  Feathsrs,  ScAtse.— Human  hair,  as  veil  as  that 
of  anitnalf),  is  compowd  of  an  organic  matter  which  does  not  appeal' 
to  differ  csseatially  from  horn  in  its  chemical  compoflition  and  its 
beliaviour  with  reagents.  Thej  contain  steveral  fatly  substances, 
geQeralty  coloured,  from  which  their  hue  is  ordinarily  derived.  The 
featlicrH  of  birds  clattly  rcneraWc  horn;  the  same  being  true  of  the 
scales  of  reptiles.  For  want  of  accurate  experiments,  the  identity 
of  all  these  substances  is  admitted. 

The  compoeition  of  6Bh-8ealo9,  on  the  contrary,  resoinbl**  that  of 
bone,  sinoo  they  contain  40  to  fiO  per  cont  of  phosphate  of  lime, 
from  3  to  10  per  cent,  of  carbonate  of  lime,  and  from  40  to  55  per 
cent,  of  orji^aiiLC  mutter. 

§  lt>5-t.  Skim  a.m>  VfiiMUKAXES. — The  skin  of  animalB  is  dividecl 
into  three  principal  parts:  let,  the  skin,  properly  so  called,  or 
derma,  wbicn  envelops  immediately  the  muscles  and  hone«;  2dly, 
the  papillary  tmue,  formed  by  a  delicate,  extremely  sonsiblc  tissue, 
traversed  by  small  hlood^TcsaeU  and.  nerves,  and  containing  the  pig> 
nent  which  eolonn  the  itdn  so  varioualy  in  the  different  raeea  of 
men  throughout  the  globe ;  and,  Sdly,  the  outer  covering,  or  epider- 
Mta,  a  simple  pellicle,  very  thin,  but  very  resisting,  pierced  by 
nomennia  small  orifices,  ttirough  some  of  wh'ich  the  hairs  pass,  while 
others  give  exit  to  the  fluids  of  pen^pimtion ;  and  still  othera  allow 
certain  fatty  subatanccs  to  exade.  The  skin,  which  is  soft  and 
flexible  when  wiishcd  in  water,  bocomos  hard  and  coriaceous  by 
drying.  When  dipped  in  a  solution  of  tautiiu,  it  coinbiues  with  it 
without  falling  to  pieces,  and  becomes  imputrescibic,  which  con* 
fltitutes  the  proceju  of  tanning.  When  boiled  with  water  it  dissolves 
entirely  into  a  gelatinous  Rubi«ta^nc(>,  commonly  c»1te-l  glut;  but  the 
tmufonoation  does  not  take  place  in  the  mucous  membranes,  which 
appear  to  consist  of  substances  differing  from  those  of  the  skin. 

1 1655.  McscoLAR  TlssuB. — Meat,  or  flesh,  is  the  oolleetion  of 
several  organs,  called  mii»eUi,  each  of  which  is  fanned  by  an  asaent- 
blagc  of  fibres  united  in  bundles.  A  multitude  of  nerves  and  canals, 
through  which  various  fluids  circulate,  irarer<i»  this  tisene  in  all 
directions;  thus  renderino;  muscular  flesh  a  very  complicated  assem- 
blsfc.  The  substance  vi-hich  constitutes  the  muscular  network  is 
called  jE&rr'n,  which  of  itself  is  colourless;  flesh  owing  its  red  oolotir 
to  the  blood  which  fills  an  iafintty  of  small  capillary  veseeU  distn- 
Imted  throughout  it. 

One  hundred  parts  of  beef  are  reduced,  by  desiccation,  to  25 
parta,  and,  after  mcineration,  there  remains  about  \i[  part  of  salts, 
composed  chiefly  of  phosphates  of  potassa,  soda,  and  lime,  and  n 
small  qn&Dtily  of  alkaline  chlorides. 

By  exhausting  finely  chopped  bocf  by  cold  water,  about  G  hun- 
dredths of  it  arc  dissolved,  one-half  of  which  is  corapoacd  of  albu- 
men, and  other  mnlcriala  of  the  blood  coagulable  by  heat.  If 
therefore  the  liquid  be  boiled,  there  remains  in  solution  only  8  hun- 
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dr&dtlift  of  matter,  comfKoed  of  aolublo  alkklioe  salts,  a  crrstaUiialile 
Bitr<^ei)oua  substance,  called  ereatin,  (from  >p(ac,  flesh,)  and  saJti 
fonnod  by  »  peculiar  o-gaoic  acid,  called  tnoaic.     If,  on  th«  coil- 
trarj,  flesh  bo  treated  with  liut  iraler,  the  nlbmninooH  aabrtancBi.    , 
ooagolalc  itomediiktel;,  and  tUo  Bamc  eubstanccs  dissolve  aa  in  od^^ 
water ;  vhile,  if  tbe  cbullitiua  bv  proluagcd,  a  small  c{tiaotity  ^H 
goUtin  id  dissolved  in  addition,  as  a  the  cose  in  making  eoap.    A 
portion  of  the  fat  is  also  forced  from  its  oeUs,  and  floatM  od  t|^^ 
turiaee  of  the  liquid.  ^H 

Muscnlar  flesh  jicldfl  UuoiH  (S 1278)  hj  beicg  boOed  irith  dJh^^ 
Bulphnric  acid. 

§1656.  Fihrin. — It  is  difficult  to  separate  fibrin  from  muBcnlar 
fleab,  because  it  ia  intimately  mixed  with  other  Bubstaocu  whidi    i 
behave  in  a  vcrr  aniklugoua  manner  toward  chemical  af!;eitt«.         ^H 

It  is  generally  extracted  fixjiu  freshly  drawn  blood  bv  be*tioglP^ 
with  ro^  to  voich  th«  fibrin  adheres  in  tho  form  of  loof;  o«wv- 
leas  filaments.  They  arc  washed  with  much  water,  to  detach  the 
other  aolnble  or  insoluble  principlce  of  the  blood ;  and  then,  after  , 
being  dried,  they  are  treated  with  alcoliol  and  ether,  which  remOj^H 
the  fatty  matters.  The  fibrin  13  then  washed  with  a  %-«ry  dilj^l 
solution  of  cldorohydric  acid,  and,  lastly,  with  distilled  wat«r. 

fibrin  is  a  white,  tasteless,  and  inodorous  Bobstaccc,  complet 
insoluble  in  water,  alcohol,  and  ether,  and,  by  dryiog,  aasu 
horny  conBistcnce.     Prepared  in  the  method  just  Mated,  it  Ini 
2  or  3  per  cent,  of  a.shcs,  oompoeed  cliivfly  of  calcareooa  and 
nesian  phosphates.     A  long  boiling  with  water  alters  it  and 
solves  a  portion  of  it;  and  when  left  in  water  and  expoecd  to 
air  it  soon  putrefies,  but  may  be  preserred  for  an  indefiQits  It 
of  time  in  alcohol.    Acids  convert  it  into  a  gelatinous  toasa,  buoli 
in  acid  liquids,  but  soluble  in  fresh  water,  while  it  diasolres 
in  alkaline  lyes,  even  when  they  are  diluted ;  and  if  the  solnti^m ' 
saturated  with  an  acid,  :i  precipitate  ia  formed,  which,  bowcre 
cannot  he  considered  oa  the  original  fibrin. 

Aocordint;  to  the  most  reliable  analyses  of  fibrin,  it  oootains 

Carbon 62.78 

Hydrogen 6.96 

Nitrogen 16.78 

Oxygen ..18.48 

100.00 

S 1657.  Aibuvtvtont  SulHaKcr*. — We  shall  not  here  again 
to  the  albuminous  sabstauces,  which  have   been  soffieiestly 
scribed,  ($1279.)     Their  identity  in  the  two  kingdoms,  thongh 
from  being  demonstrated,  is  generally  admitted. 

§1658.  Orealin  C,1LN,0,.— In  onler  to  obtain  ereatin,  finelf 
chopped  meat  is  treated  with  an  equal  neigbt  of  cold  water ;  and 
after  having  stirred  the  mixture  for  some  time,  it  te  oxpreased  in  a 
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CACTU  bae,  the  filtered  liqaid  being  used  in  treating  an  additional 
qnantitj  of  meat.  The  liquid,  bt-ing  Ihcn  boated  to 21 2"  in  ■  water- 
bath,  in  order  to  coagnlate  the  albuminons  subatances,  is  evapo- 
rated after  bciiig  fitiercd,  imd  tlic  new  deposits  which  form  arc  sepa- 
rated. When  the  lti|uid  it  reduced  by  evaporation  to  (  of  its  vo- 
lume, vatcr  of  baryta  ia  added,  furnishing  a  precipitate  of  varioiu 
phoaphatea  and  8uTphat«s,  which  are  to  bo  aoparatod.  The  erapo- 
rfttioD  is  continued  until  the  liquid  is  reduced  to  ^  of  il8  origmat 
Tolnme,  and  it  is  then  allowed  to  evaporate  spontaneously  in  a  warm 
place,  when  crystalline  acicutic  of  ereatin  arc  formed,  which  arc  to 
oe  washed  in  cold  water  and  alcohol,  and  redissolved  in  boiling 
water,  which,  on  cooling,  deposits  them  in  a  state  of  purity. 

Lean  ment  is  best  atlapted  to  this  purpose,  that  of  fowls  and  the 
weasel  yielding  the  largest  proportion  of  creattn :  100  I:  Slog,  of 
beef  yield  62  gm.,  and  100  kilog.  of  horseflesh  have  furnished 
72gm. 

Creatin  is  a  neutral,  inodorous,  and  colonrlexs  snbntance,  Bolnble 
in  7>>  parts  of  cold  and  in  a  much  jmaller  ijuantily  of  boiling  water ; 
and  separating,  on  cooling,  from  its  saturated  aqueous  solution,  in 
the  fonn  of  prismatic  crwtals.  which  lose  18  per  cent,  of  water 
when  dnod  at  212*°.  It  dissolves  in  &0  parta  of  absolute  alcohol; 
and  the  formula  of  crystalliicd  creatin  ia  CjII,NjO,-l-2HO. 

Croatin  it  not  nfTeetcd  by  very  dilute  actds,  while  concentraled 
awb  abstract  4  equiv.  of  water  from  it,  and  convert  it  into  a  sub- 
Stance  C,HjNjOj,  or  ereatinin,  which  ia  a  true  organic  alkali,  pos- 
sesaing  a  TCry  strong  alkaline  reiLction  comparable  with  that  of 
ammonia,  and  forming  crystallizable  t-alts  with  all  the  bases. 

Crcntin  also  dissolves  without  alteration  in  vcrj-  dilute  alkaline 
lyes,  while  the  concentrated  alkalies  decompose  it,  ammonia  betug 
CTolvcd,  bciiiies  oarbonic  acid  which  combines  with  the  alkali,  ana 
a  new  orgauic  base,  tareotm  C^ILNO,.  The  decomposition  ia  gene- 
nlly  effected  by  boiling  creatin  with  a  concentrntwl  aolotion  of 
Im^ta,  the  reaction  being  expressed  by  the  following  equation: 

C,H„N30,+2BaO-f2HO=O.H,NO.-l-2NH,-t-2(BaO,COj. 

Sarcosin  crTBtallizes  in  right  prisims,  with  a  rhombic  b»ge ;  exerts 
no  reaction  upon  coloured  reagents;  but  form^  crjstalliuible  salts 
with  several  of  the  acids.     It  is*  inswilnble  in  alcohol  nnd  other. 

g  1*159.  hiosio  Acid  Ciflll^N.tVUO. — This  acid  remains  in  the 
mother  liquid  which  baa  deposited  creatin,  and  is  extremely  soluble 
in  water ;  while,  if  alcohol  \t  addeil,  the  liquid  becomes  mdky,  and 
in  the  couree  of  a  few  days  small  yellowisn  cnrntals  of  inosate  of 
potaasa,  or  baryta,  if  the  latter  base  has  been  used  in  the  prepara- 
tion of  the  creatin.  are  developed.  The  crystals  being  redissolved  ia 
boiling  water,  nncl  chloride  of  barium  added,  cryatals  of  inosote  of 
baryta  arc  depnsitcd,  off  cooling,  whirh  may  be  purified  by  several 
CTTEtallizationB,  and  then  tftke  the  fgnoula  BBO,C,^gNjO,o-f  7H0. 
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By  decompoaing  U  by  aulphuric  acid,  free  mo^o  acid  is  ol 
tthioli  does  not  crjstalli&e  in  tax  aqueous  solution  unless  aleoli 
be  added.     Tbo  furmulu  of  inosatc  uf  silver  ia  A^O.C^H^N.Om. 

$1660.  Gelatinoiu  SuhtUiMe». — Wc  bare  monttoued  tuat 
skul,  thfl  cartilacinotu  substoDOC  of  tbc  bones,  kdJ  tbc  ca 
properly  so   called,  wlien  boiled  witb  vater,  ukiiDHtelj  dusoT 
wboUj,  and  forma  rucous  liquid,  vrhicb  becomes  j^elat'motu  on  i 
For  a  long  time  it  wu  supposed  that  all  the  snbetanccs  formed 
dor  tkeM  circumBtanees  were  idcotica),  and  die  freneral  name  < 
tM  WHS  aaaigned  to  them ;  but  it  ia  now  admitiei]  tbat  there  . 
one  being  afforded  by  the  Bkin,  intestinal  membranes,  and  tnt3 
which  has  retained  the  n&me  of  geiatin,  vttilc  the  other,  ci 
eh&ndriti,  i»  furnisbcd  by  tbe  cartiliiginous  Eubstanco. 

The  chemical  reacilons  and  compobitioo  of  these  tno  aabst 
differ  from  cacb  other,  tatxce  (olutions  of  chondrin  are  precipitate 
by  sulphate  of  alumina,  alum,  and  sulphate  of  iron,  nrhicb  do 
affect  Kolatious  of  gelatin.     The  formala  CjjH^^O,^  hiut  been  gtr 
to  chondrin,  and  tbot  of  CijUiDNjOgto  gcUtin;  but  thea*  fol 
are  very  uncertain,  because  there  arc  tio  means  of  aaccrtBinia_ 
purity  of  the  5u)>stanccs  and  of  dotorminiu^  their  wjuivalents, 
definite  compound  witli  them  being  known  vrith  certuinty.     In 
applications  of  tlio  two  substances  no  disliuetion  is  maUe,  and 
oro  generally  indiacrimiaately  culled  gelatin  and  glue. 

Puro  gelatin  ii  eoluurloss  and  trausparcnt,  aa  is  the  caso  ia 
fitii^luti  or  icfithffotoUa,  foatid  in  Commerce.  Wben  boated  it  mell 
and  congeals  on  oooUug  into  a  remarkably  coherent  mass.  Cn 
vra>t«T  merely  softens  and  avrelb,  vrithout  dts&olrioe  it,  -while  Iwilii 
water  di^solvos  it,  and  forms  a  viscid  lic|uid,  which  coagulates  iot 
a  more  or  less  consistent  jelly  on  cooling.  Aloohol  precipitat 
gelatin  from  it£  aqueous  solution.  Prolonged  ebullition  with 
deatroye  gelatin,  and  it  afterward  no  longer  congnlates.  We  haT 
already  said  {§14od)  that  tuuniu  completely  precipitates 
from  ita  solutions. 

§  IGGI.  Glue  is  oiauufacturcd  from  k-utbcr  scraps,  teudon»,  hor 
and  hoofs  of  animnls.     As  antnini  substances  putrefy  readily,  llit 
are  soaked,  if  Ihcy  cannot  be  inimodiati-ly  uacd,  for  15  or  20  daj 
in  milk  of  lime,  and  then  dried  in  the  air,  which  prevents  their  f« 
mentation.     When  required  for  uae  they  are  digested  forsomo  t' 
in  water,  which  causes  them  to  swell  and  remorea  the  lime. 

Animal  subelanoes  intended  for  the  manufacture  of  glaa 
placed  in  boilers  with  water,  r»pidly  heated  to  boiling,  wl 
stirred,  from  time  to  time,  the  operation  being  continued 
portion  of  the  liquid  taken  from  the  kettle  congeoU  on  ci>oliii 
Tho  liquid  i:!  then  decantod  into  a  second  kettle,  kept  at  a  tompei 
turc  of  nearly  212°,  in  order  tbat  tbc  liquid  may  not  become  t< 
viseid  before  depositing  the  substances  it  hold.i  in  smtpension; 
after  some  houi-s,  it  ia  run  into  moulda  made  of  pine-woodj 
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idldired  to  oodI.  When  the  glae  sets,  which  genernJIy  takes  place 
in  15  or  18  boura,  the  moulds  are  carried  to  a  well-ventilatod  ami 
oool  dirinff-room,  trbcrc  the  gluo  is  ne^pumtcd  hy  a  flexible  and 
wetted  kuife,  and  spread  upou  a  tuble  likewise  wetted.  It  h  imme- 
dialoly  cat  into  email  shcoto  hy  meaas  of  a  brass  wire,  and  spread 
on  nets  to  dry,  wheace  commercial  gluo  usually  BhowB  the  prints  of 
the  thrcuds  of  the  net.  The  residue  in  tho  boiler,  treated  with  a 
fresh  quaiility  of  boiling  water,  laay  afford  more  glue. 

$16t>2.  Gelatin  ia  extracted  from  bones  by  two  different  pro- 
cesses.  lu  the  first,  the  boues  are  subjected  to  the  action  of  steam, 
nndor  high  pressure,  in  a  Papin'a  digester,  when  the  greater  part 
of  the  gelatin  dissolres.in  the  water,  while  the  bones  still  retain  a 
sufficient  (luantity  to  allow  of  their  being  nBcil  in  tho  mannfaoturc 
of  Boimat  itlack.  If  it  be  denircd  to  prepare  gelatin  for  alimentary 
jrarposes,  the  tetnpersturi*  should  not  be  rained  above  233°  or  226^, 
and  beef-bones  only  should  be  used,  becauao  the  bones  of  sheep  or 
liOfi^  would  givB  the  gelatin  a  disagreeable  ta«te  and  smell. 

By  the  second  process,  which  yields  more  gelatin  than  the  pre- 
ceding, the  boae»  arc  crushed  between  roUons  and  boiled  for  some 
time  with  water,  in  order  to  extract  tho  grease  whicli  is  scnaratcd. 
They  arc  then  digested  for  24  Iioura  with  a  dilute  Mlution  of  chloro- 
bydrie  acid,  which  dissolrcs  tho  calcareous  salts;  for  which  purpose 
a  WMght  uf  chlorohydric  ucid,  at  22^^  Baum£»  equal  to  that  of  the 
liones,  ie  used,  but  it  serves  for  several  timi'S.  Tlie  bones,  doprivod 
of  their  valcaroous  salts,  aro  wu^tbod  until  the  water  is  free  from 
acidity;  after  which  thoy  arc  boiled  with  water  iu  a  cast-iron  kottlo. 
Not  more  than  tho  qaontily  of  water  ucceaeary  to  obtaiu  a  tolotioD 
of  gelatin  which  will  set  on  cooling  should  bo  used,  nnd  added  at 
8  different  times,  bccauso  tho  solutioa  of  gelatin  is  lojiired  by  too 
Ions  boiling. 

Fish-glue,  or  iehthyoeclla^  is  prepared  from  the  swimming-bladder 
of  the  sturgeon  by  merely  drying  ic;  and  is  chiefly  oscd  in  rcGnlng 
vices;  but  pure  gelatin,  obtsined  from  bones,  wUl  auiwer  the  same 
parpose.  Fish-glue  eoflens  in  cold  water,  and  readily  dissolves  when 
the  temperature  is  raised.  When  poured  into  a  slightly  acidulated 
liquid  the  solution  coagulates,  and  its  filaments  carry  down,  as  in  a 
net,  the  mucilaginous  substances  in  the  liquid. 

Mouth-clue  is  made  of  a  ooncontratod  eolutioa  of  gelatin,  with  tho 
addition  of  a  small  quantity  of  sugar  and  gum-arabic :  the  solution 
beios  boiled  in  order  to  dissolve  the  gelatin  completely,  and  the 
liauid  poured  into  moulds  made  of  oiled  paper,  wnere  it  becomes 
aolid. 

S  1663.  Sitgar  of  gtlatin,  or  ghfcocoU,  C^HaNO,.— Sulphuric 
acid  effects  a  very  remarkable  change  in  gelatin,  and  eonverta  it 
into  a  orystalltaable  substance  of  a  sweet  taste,  acting  the  part  of 
a  feeble  alkali,  and  eallcd  gl^cocoll,  or,  more  improperly,  tugar 
ofgtlatin.    In  order  to  prepare  it,  1  port  of  gelatin  is  digested 


728 


AKIUAL   CnSMISTRY. 


for  24  Imors  with  2  parts  of  ooncotitratcd  ftalphurie  acid,  and  JO 
part«  of  irater  bouig  add«d,  it  u  boiled  fur  5  hours.  The  Uqaiil 
8»turau>d  irith  chalS,  and  then  cTiporatcd  to  the  oonaittence  of 
m*ap,  deposits,  after  6otae  i'ltae,  cr^'^iala  of  glj'cocotl;  their  fonna- 
tiOD  taking  place  very  slowly,  sotnetimca  requiring  u  vholc  moath 
for  oomplelioQ.  Boiling  ulkuliue  solaciona  eflect  the  sumc  changt 
in  cclntin,  in  vhicb  cue  ammonia  is  disengaged. 

Ilut  the  b«st  method  of  preparing  pore  gljrooooll  oonfiists  in  boD- 
ing,  with  4  times  its  weight  of  concentrated  sulphuric  acid,  a  peeoliir 
acid  found  in  the  urine  of  herbivorous  aniraaU,  which  we  shall 
describe  under  the  name  of  hipfmrie.  Hipporic  acid  C„II,NO„L 
then  separates  into  benzoic  acid  C|,IliOs,llO,  irhich  is  almo^  vhol 
dopuaitcd  on  tie  cooling  of  the  liquid,  and  into  gljcocoll  C.HjNf 
trhieh  remains  in  Bolatton  in  combination  vith  the  chlorohytbic ; 
The  oUorobjdratc  of  glj'cocoU  it)  CYuporated  to  drTness  in  a  water- 
bath,  and  purified  by  scvontl  crystallixationa  in  water,  after  wUi^li 
it  ii  supenuituratod  with  ammonia,  and  aeain  created  witli  highlj 
coneeotratcd  alcohol,  which  procipitatcB  the  glycocoU  in  the  fu 
of  amall  crystab.  The  reaction  is  expressed  bj  the  foU« 
eqoatioD: 

0,AN0,.H0+2H0-C„H,O„HO+C,H^NO.. 

Glycocoll  is  a  vhite  substance,  having  a  sweet  taste,  but  wfc 
doea  not  furmeut.     It  is  soluble  in  water,  nearly  insoluhk-  In 
and  ether,  and  forms  crystallizablc  compounds  with  the  maji 
the  acids,  without  exerting  any  action  on  red  litmos.     It 
bines  with  potJLSsa  and  scvcra)  metallic  oxideg. 

§  1664.  Fatty  Sdisstasces. — We  shall  not  again  refer  to 
fatty  sabetanccs  which  arc  found  in  nnimals,  since  they  are 
with  thoee  existing  in  vegctuhlcs,  and  wliich  have  been  nuoG 
described  (§  1S90  ei  itea.) 

§  1666.  Cbrebkal  ScfiST.\xc&. — The  cerebral  substance  is 
posed  essentially  of, 

1st.  A  »]id  fat  acid,  containing  phosphorus,  and  called  et 
acid; 

2d.  A  liquid  &t  acid,  also  containing  phoepbonu,  called  oU«p\ 
phoric  acid; 

3d.  A  peculiar  fatty  matter,  or  ckoUxtentt,  which  shall  b« 
scribed  \imn  treating  of  bile; 

4th.  Smull  i^uautilicsof  ordinary  fatty  substances,  sudi  as  steirilit 
margarin,  and  oletn. 

Cerebric  ncid  is  a  white  sabstaoce,  whicli  may  Tm  obtained  b 
cnretalline  granules,  dissolnng  readily  in  alcohol  and  boiling  ether, 
while  cold  ether  retains  but  a  small  quantitr  of  it.  It  melts  when 
heated,  and  is  very  easily  decomposed.  It  combinefl  with  bMM 
without  forming  cryslatlizabte  salts,  and  its  analysis  exhibits 


Carlma 66.7 

Hydrogen 10.6 

Nitrogen 2.3 

Phosphorus 0.9 

Oxygen 19.5 

100.0 

But  it  is  difficult  to  decide  vhother  tlio  matter  subjected  to  laalysis 
fru  a  simple  sabattnce. 

Olcophosphoric  acid  is  a  vellowish  oil,  insoluble  in  Tfatcr  «nd  cold 
alcohol,  but  very  aoluhlfl  in  ooilingilcohol  and  ellicr.  It  combinea 
Vith  bases,  but  forms  no  crystsllizaDlc  salts.  By  conlact  wiib  wuter, 
ie  if  spoDtaneously  iWomposcd  into  phosphoric  acid,  which  dis- 
boItcs,  and  an  oily  8sb3ta.nce  analogous  to  and  perhaps  identical 
vith  olein. 


OP  CERT.ilX  CHEMICAL  PITENO>rBSA  Wtticn  OCCUR  l^•  THE 
AMMAL  ECOKOJfT. 

§  16G6.  The  substAncea  wo  have  just  ontimorikted  furm  the  labora- 
tory and  apparatus  in  which  all  the  chemical  reactions  of  the 
economy  take  place;  but  it  is  important  to  remark  that  these  sub- 
stances do  not  net  an  inert  or  merely  formal  pojt;  influonccd  by 
the  nervous  system,  they  not  only  o^aumo  tlie  shapes  and  muvi'ments 
necessary  for  the  circulation  of  the  fluids,  but  also  intervene  in  the ' 
eheraical  roaxitiong  by  being  constantly  dissolved  and  renewed.  We 
shall  give  the  gcocral  name  ^T nutrUion  to  the  collection  of  chemical 
phenomena  which  occur  successively  ia  alimentary  substance*,  from 
the  moment  they  arc  taken  into  tlie  month,  until,  after  ha^-ing  tra- 
Terscd  the  whole  of  the  general  circulation,  they  are  rejected  iu  the 
gaseous  stnte,  with  the  air  expired,  or  in  the  state  of  solids  and 
liquids,  iu  the  urine  or  excrements. 

The  phenomena  of  nutrition,  starting  from  the  ingestion  of  food, 
fallow  and  succeed  each  other  in  tbia  order: 

Ist.  Digesdon, 

2d.  Re»piration, 

3d.  Circulation, 

4th.  Excretion. 

i  1667.  We  !)hall  give  an  idea  of  the  various  apparatos  in  vfaidl 
these  phenomena  iiru  prodTice<i,  by  describing  the  liquids  arising  ^ 
from  tiic  (lcc»mpn»itiDn  of  the  alimentary  substances,  and  to  whi^ ' 
phyftiologiata  attribute  the  chiof  modificationa  of  these  substaneefi  in 
the  economy.     In  order  to  render  our  explanation  more  clear,  we 
have  figured  (fig.  686)  the  various  organs  and  circulatory  apparatus  < 
in  which  the  chemical  phenomena  taKe  place  in  man,  and  have  en- 
deavoured to  preserve,  a8  far  as  posBible,  their  actual  form ;  but  we 
hare  been  unable  to  rcprt-^cnt  the  relative  poaitions  they  occupy  in 
the  body,  where  they  are  dovetailed  into  and  cover  each  other. 
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physical,  anil  uaifita  tlic  mosUoation  nod  deglutition  of  food.  The 
galiva  may,  honcver.  act  chemically,  by  effecting  tlio  transfonnatton 
of  the  fltarch  into  dcxtriu  aud  glucose ;  the  latter  action  being  pro- 
bably very  limited,  bocuuso  at  a  lawr  period  iho  food  coiuoh  into 
contact  witli  stivurul  oilier  juicea  wMch  effect  the  same  traasfuruiaticni. 

Having  reached  the  §tomach  A,  the  food  is  subjected  to  the  action 
of  a  special  juice,  called  ^cutrie^  secreted  by  the  parictca  of  the 
stomacu,  and  furnished  by  peculiar  vessels  belonging  to  the  Minguiae 
cireul&iion.  The  eaatric  joioe  modiSes,  dissolves,  or  (iige«t4  only 
the  nitrogenoua  olimeDlary  principles,  auch  as  the  albumon,  fibrin, 
oueili,  vitboiit  in  any  way  altering  the  fatty  subatances,  and  merely 
pcodncing  the  hydration  of  the  ^imylacooitfk  matter. 

When  the  food  has  remained  for  i^omc  lime  in  the  stomnch  A,  it 
loavra  it,  iinpre;;nated  with  gastric  juice,  and  passes  into  the  duod^ 
nitm  a,  where  it  first  tncetx  with  the  bile,  brought  from  \,\ie  gaUr 
hladdtr  B  and  liver  F,  by  the  du<l  cd,  called  duttut  choUdochua. 
The  action  of  the  bile  on  ibud  is  not  w<!ll  known,  and  Kotne  phygio- 
logists  even  bolieve  it  to  act  do  part  in  the  phenomena  of  digCBtioDf 
and  conaidrr  it  ru  merely  an  excrementari)  fiuid. 

S  lC6y.  In  tho  duodcaam  thy  food  is  moiftteaed,  not  only  by  the 
bile,  but  also  by  the  pancreatic  juice,  supplied  to  the  duodenum  by 
the  panrreatie  duet,  <■,  which  juice  is  produced  in  a  peculiar  organ, 
the  pancreat  C,  where  it  \a  extracted  from  the  tiuids  carried  into 
the  Utter  fay  the  circulation.  The  |mncreatic  juice  acts,  inttanta-' 
tifotisltf,  on  the  non-nitrogenouB  alimentary  substances,  converting 
the  fecuU  into  gluco&e,  and  the  fatty  matters  into  an  emokioa, 
which  roudcro  tliciu  fit  for  absorption. 

§lt>TO.  Thu  alimculary  substances,  modified  by  the  Buccestnv« 
infiucnoo  of  the  gastric  juice,  bile,  and  panereatie  juice,  pa$e  from 
the  duodonuin  fi  into  the  small  intcatineB.D....  a  tube  of  considerable 
rixe,  extending  from  the  duodenum  to  the  ctemm  E,  which  itself 
cotumunicutea  with  the  large  intcistiiie  EE'E"E"'.  The  extremely 
long  piwrietes  of  the  small  intentino  cbioliy  effect  the  absorption  of 
ibit  digMted  food  and  its  passage  into  the  circulation.  Xho  ali- 
insDtary  nbntanoct)  which  reach  the  inte^tiae  in  a  condition  to  bo 
absorbed,  are  of  two  kinds:  let.  Nitrogenous  substuaccs,  dissolred 
by  the  gastric  jnice,  and  amylaceous  substances,  converted  into 
dextrin  and  &ugar  by  the  action  of  the  saliva  and  the  pancreatic 
juice ;  and,  2d.  The  fatty  substances  which  have  been  made  into  bd 
emnlnon,  by  the  pancreatic  juice,  without  being  diasolred. 

A  special  system  of  absorbent  vessels,  termmatiag  in  the  .tmall 
intei^tiiie,  is  contrived  fur  <!ach  of  these  peculiar  conditions  of  the 
abftorbsbtc  alimcnUiry  isubHtanccs :  Ist.  The  system  of  the  rvnitjoor/a 
fff,  which  absorb*  the  nitrogenous  and  Baccharine  matters, 
and  CQUvcy»  them,  witli  the  vcdouh  blood  of  the  intestines  and  the 
spleen  R,  into  the  liver  T,  where  they  undergo  pecutiiiT  mudifica- 
tjons,  to  pass  tlnence  in  the  Hj/ht  aurieie  U  of  the  heart ;  and, 
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2d.  The  sjstcai  of  chglifcrouB  vetteltg,ff,  ^,  which  absorbs  only  tli< 
iiXtj  snb0tnnce9,  and  conducts  ihem  into  tlie  trji  tubctavian  vein  i,L 
to  pass  tk«noe  directly  into  the  ri?ht  auricle  G  of  the  heart,  'witho 
txavernng  the  liver.  In  the  Binall  intestine  is  pffectcd  the  da'  ' 
between  the  digested  alimentary  subotanoes,  which  are  to  he  abi 
by  tbs  orgaoisTn,  and  are  called,  on  that  account,  accTenirntitioui 
ra&iCttnmt,  and  thono  uhich,  remaining  untouched,  or  having  been 
insufficiently  modiGed  by  the  digestive  ^aid<,  arc  rejected  cxtcroally, 
and  consist  of  the  excrementitiaua  auhntancn  OTfxce*. 

§  1671.  The  dimensioaa  and  derolopmcnts  of  the  whole  digeetive 
apparatus,  stomach,  duodenum,  and  timall  intestine,  vary  greath 
in  differeot  classes  of  aniinals :  in  the  carnivoroM,  the  food  of  wbie 
in  much  more  easily  disBoIvcd  by  the  gastric  and  pancreatic  j« 
they  are  relatively  much  Icsa  ievolopcd  than  in  the  herbivorous  i 
maie,  of  which  the  food,  being  highly  diarged  with  ligneous  matteri' 
dissolves  with  much  greater  difficulty. 

§  1G72.  TIic  residue  of  the  alimentary  matter  passes  from 
fimal)   iuto    the   largo  intcetine  EE'E"F/",  where  it  remaina 
p-cntcr  ur  Icira  length  of  time,  and  probably  experiences  new 
fications  and  peculiar  absorptions.     It  there  acnuirea  a  dii 
able  and  peculiar  odour,  the  cause  of  which  is  unknown, 
finally  r«joct«d,  in  the  state  of  excrement,  by  the  anus  II. 

CIRCULATION  OF  THB  BLOOD. 

§1678.  "We  have  followed  the  course  of  the  alimentary  mat 
through  the  priinie  vise,  from  their  eutrauce  at  the  mouth  to  ll 
absorption  of  the  digested  portion  into  the  general  circulutioo, 
tha  rejection  of  the  residue  by  the  anus.     In  following  tlienow 
of  the  digested  portion,  we  shall  find  it  ministering  to  the  _ 
and  renovation  of  the  organs,  to  the  production  of  juices  enent 
to  the  chemical  operations  wo  have  enumerated,  and  to  the  dc 
mcnt  of  heat  necessary  to  the  animal,  to  he  excreted,  finally,  eitbi 
in  gaseous  compounds,  with  the  gases  of  respiration,  or  in  snlutie 
in  the  urine  or  ancat,  or  in  forming  peculiar  Huids,  such  as  milk, 
somen,  etc. 

After  their  nhsorption  by  the  vena  porta  fTft  or  by  Ihe  chy^B 
ferouB  vessels  if,  J,  jf,  the  digested  alimentary  prindplea  reach, 
various  routes,  the  general  ctrculalioo,  that  is,  the  right  vfHtriele 
of  the  heart,  where  they  are  mixed  with  the  venous  blood,  which 
arrives  from  all  parts  of  the  body  through  the  upper  vena  cava  «bi' 
and  the  lower  nn'n",  after  having  rffectcd  alimentation,  and  be* 
subjected  to  the  phenomena  of  renpiration,  etc.,  which  (ihall  pr 
sently  be  described.     The  instinctive  contractions  of  the  vcniricJe '. 
drive  all  this  mixture  through  the  jmlmontry  artery  H'l"  into  tl 
longs  P,  P,  where  it  meets  with  air,  and  produces  the  phcnomcE 
of  respiration.     The  blood,  before  reaching  the  longs,  has  a 
brown  colour,  and  is  vcnout  blood  ;  whilu  u  sooa  as  it  ODUCfl  il 
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contact  vitb  the  air  in  the  lungs,  it  turns  of  a  bright  red,  and  gives 
oir  the  greater  portion  of  tbo  carbonic  aeid  it  contained,  which  \b  an 
essentiiil  product  of  the  chemical  reactions  it  experienced  in  ita  nu- 
trient functions,  replacing  it  with  a  certun  quantity  of  oxjgen,  and 
thus  constituting  arterial  bloody  which  relnrnii  to  tho  lejt  ventrieh  J 
of  the  heart  through  the  pulmonary  vem$  o,  o,     Tho  heart  impels 

it  into  the  aortic  or  arterial  tytteni  K,  K,  K Xo  be  dtmributed  to 

all  the  organs  of  the  bocly.  The  principal  forced  which  effect  this 
circulation  uppcor  to  be  the  contractions  of  the  left  rcntriclc  J,  as 
well  as  tho  contractive  forces  of  the  ortorinl  coats.  If  the  arterial 
blood  experiences  chemical  changes  between  leaving  tho  heart  ood 
entering  the  organs,  they  are  ag  yet  onknowti. 

Tho  arterial  blood,  after  reaobing  tho  tissues  of  caub  organ,  that 
is,  after  having  entered  the  capillary  circulation,  oxporieuoos  ebe- 
micol  modification^  differing  iu  each  organ.  The  oxygen  vrbieh  it 
luid  absorbed  by  contact  with  the  air  in  the  lungs,  and  which  had 
«flect«d  its  red  colour,  gradually  disappears,  proauctog  the  pbeno- 
mena  of  oxidation,  while  it  is  replaced  more  or  less  completely  by 
CATbonie  acid,  which  is  one  of  the  products  of  oxidotion;  tho  blood 
then  receiving  its  brown  colour,  and  becoming  venous. 

Arterial  btnod  may  be  considered  as  of  the  same  composition  at 
tbo  moment  of  entering  each  organ,  which  is  not  true  of  Tenous 
blood,  tho  latter  certainly  undergoing  special  modifications  in  tho 
various  organs  through  which  it  passes,  and  which  it  nourishes.  It 
is  this  blood,  modified  by  the  various  functions  it  has  fulfilled  in  tho 
organs,  which  separates  into  two  different  liquids,  rcnous  blood 
properly  80  called,  and  lymph,  both  of  which  return  to  tho  right 
ncart  GI  by  speoial  muscular  systems,  and  are  there  mixed  with  tile 
new  liquids  arising  from  digestioa,  to  form  a  new  blood,  poasosniig  all 
the  necessary  nutritive  powers,  and  which  again  resumes  the  round  of 
the  circulation.  The  course  of  the  blood  from  the  right  heart  GI,  to 
tho  left  heart  JL,  passing  through  the  capillary  sj'stem  of  the  longa,  ts 
called  the  Uttfr  circulation,  iniilo  its  return  from  the  left  heart  to 
the  right,  paftsing  through  the  capillary  tissue  of  the  organs  of  the 
body,  IS  i\icQreatfr  circulaiion. 

§  167-1.  We  have  said  that  the  arUrial  blood,  passing  through 
tho  capillary  tissue  of  tho  organs,  is  chemically  mwlified  and  con- 
verted into  venous  blood  and  lymph:  now,  it  happens  that  vhilo 
traversing  certain  axillary  tii^ues,  the  blood  gives  out  certain 
liquid  or  gaseous  products.  "^Vheti  the  products,  thus  separated, 
ore  to  bo  used  for  special  purposes,  they  are  called  tecretiont ;  bat 
when,  on  the  contrary,  tltey  are  to  he  rejected,  they  are  termed  ez- 
tretwnt.     The  principal  secretions  are, 

Ist.  The  gastric  Juice,  secreted  by  the  stomach. 

2d.  The  pancreatic  juice,  formed  in  the  pancreas,  whence  it 
passes  into  tnc  duodcnmn. 
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Sd.  Tho  bile,  prodaced  in  the  Hver^  and  nccumalated  in  the  gaD- 
blndder. 

4th.  The  intestinal  juice,  -wfaieh  appears  to  be  secreted  br  tlie 
intestines,  but  is  perh&ps  only  an  alteration  cf  the  foregoing  oigcs- 
live  jnioes, 

6th.  The  e»liva,  secreted  in  the  mouth  by  the  aaitmiy  gland*. 

6th.   Thp  Rcmen  of  mslo  aniina1.>(,  fornicd  in  the  le«tC8. 

Tth.  Miifc,  secreted  by  the  mamnMry  glands,  »nd  eoUectiog  in 
the  wongy  ctsme  coniitilnting  the  msromBC. 

6th.  fhi  water  of  the  amnios  sturotniding  the  fcctas,  in  pregnant 
feoiales. 

Ainonff  the  excretions,  we  di«tingtush, 

lat.  The  nweat,  excreted  by  prculiar  glands,  the  tudoriferov*^ 
of  which  the  orifices  open  on  the  surface  of  the  skin. 

2d.  The  nrine  which  arisea  from  a  peculiar  anityais  of  tbc  arterial 
blood  in  pawin^t,  during  the  greater  circulation,  through  tbo  hid- 
neys  M,  M,  which  annlyHiH  scpnratca  from  it  a  bquid  charged  with 
mineral  Halts  and  highly  oxygenated  organic  sabstance^,  such  as 
area  and  uric  acid ;  which  subfitances,  being  odIt  tho  rcsidno  of 
chemical  change«  in  the  food,  must  be  rejected.  The  urine  ia  con- 
veyed by  special  ducts,  the  tiretert  km',  into  the  bladder  V,  where 
it  ooIlectA,  until  the  animit!  oxpclM  it  by  tb«  urinary  passages  r, 

8d.  The  gaseous  products  e.Tpelied  by  the  act  of  respiration. 

4th.  Gasen  arining  in  greater  or  leiwrjiiantity  during  the  digestlMi ; 
of  the  food  in  the  stomach  or  intestineit,  and  which  are  eautt«d ! 
either  from  the  mouth  or  from  the  anuR. 

IIESPIK.ITIO.V  AND  ANIMAL  HEAT. 

§  1676.  It  has  been  long  dnee  considered  aa  an  established  fact 
that  thephcnomcnon  of  rcspimtion  consists  in  a  combustion  constanttr  I 
taking  place  in  the  lungx,  between  a  portiuu  of  the  carbon  anal 
bydrogen  of  the  btood,  and  the  oxygen  of  the  ntmospheiic  air,-j 
whict)  explains  why  arterial  differs  from  TenouB  blood  by  contaia-1 
ing  less  carbon  and  hydrogen.     Such,  howcrer,  is  not  the  theor^,, 
now  moat  received  by  physiologists.     According  to  them,  the  venous 
blood,  haring  reached  the  lungs,  disengages  carbonic  acid,  and  ab-  ■ 
sorbs  ttxygon,  which  it  carries  in  a  stale  of  solution  into  the  artcriaU 
ey«tom  and  the  capillaries  attached  to  it,  the  dissolved  oxygon  effect^ 
ing  in  ita  course  tbc  oxidizing  processes  necessary  to  aoimallife,  while 
the  carbonic  acid  formed  disnulves  in  the  blood,  and  is  disengaged 
only  when  the  blood,  having  returned  to  tho  lungs,  comes  again  ii 
contact  witli  thL>  air.     Tho  exchange  of  the  oxygen  and  carbonic 
acid  is  effected  through  the  very  delicate  mcmbrAno  which  linea  tlitf'J 
air-cells  of  the  lungs,  end  according  to  some,  ensues  merely  in  con-  : 
sequence  of  tho  ordinary  laws  of  the  Bolntioo  of  gases  in  Itqnids  ex-, 
posed  to  atmospheres  of  known  composition,  whtie  others  regard  isi\ 
as  a  special  tndcemoie pcifonncd  by  the  porous  membrane.     In  aH 
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cases,  carlionie  aci<l  Tould  no  longer  be  formeil  solely  in  the  InngSf 
but  m  all  parts  of  th«  circulation. 

The  chonze  of  colour,  so  well  marked  and  so  inttantancoos,  of  tho 
venous  blood  bj  contMt  vith  tho  air,  is  not  easily  explained  l>y  a 
simple  solution  of  oxygon  gas ;  and  iL  appears  to  tu  more  probable 
that  tbo  oxygen  formg,  vitb  certain  eubstauces  m  the  blood,  a  truo 
chemical  compound,  which  agam  gives  off  its  oxygen  readily  enough 
to  ofTcct  instantaneously  the  oxiduttou  of  other  substances.  The 
carbonic  acid  produced  by  ihis  oxidation  in  the  capiIUrivs  would 
remain  dissolved  in  the  Mood,  on  account  of  tho  high  preeauro  to 
which,  the  latter  is  subjected,  vhioh  pressure  must  be  admitted  to, 
order  to  explnin  the  paasaM  of  ao  thick  a  fluid  through  such  narrow 
tube?.  The  carbonic  aoiawoald  be  then  more  readily  evolved  when 
the  blood  renched  the  lungs,  because  it  would  there  be  subjected 
only  to  the  ordinary  prcesttre  of  the  atmospbcre. 

1 1670.  Wo  shall  regard  all  the  gases  exhaled  by  the  animal  aa 
products  of  respiration.  TItey  belong  to  tliree  distinct  ordora  of 
litncUons:  the  pulmonary  respiration,  cutaneous  exhalation,  and 
exhalation  through  the  intestinal  canal.  In  warm-blooded  animals 
the  second  is  much  less  active  than  the  lirsti  while  in  cold-blooded 
animals.,  on  tlie  contrary,  it  Li  e({u:illy,and  perhaps  more  energetic; 
for  example,  in  frog»,  vhicU  can  live  for  several  days  deprived  of 
their  lungs,  by  breathing  through  the  skin;  or  in  Hatamanders, 
which  have  lived  for  several  months  after  tho  loss  of  their  Itead, 
and  tho  cicatriaation  of  the  wound.  The  ensemble  of  these  func- 
tions ia  generally  called  by  physiologists  pertpiraiion. 

1 1677.  Warm-blooded  animals,  living  on  thoir  ordinary  food, 
always  exhale  nitrogen,  but  in  very  amall  quantities,  since  it  rarely 
exceeds  lU  of  the  weight  of  uU  tht!  oxygen  coniiunicd  by  respiration. 
When  i\ipst3  uuim!i.l8  uro  in  a  etute  of  iniinition,  there  is  frequently 
an  ahaorption  of  nitrogen,  the  quantity  absorbed  being  in  proportions 
as  small  as  that  ezhuJod  in  tho  preceding  case.  It  is  very  frequent 
in  birds  in  a  state  of  inanition,  though  rare  in  mummifcrous  animals. 
These  alternations  of  absorption  and  exhalation  uf  uilrugeu  lead  as 
to  believe  that  the  two  phcnwmcaa  always  occur  Bimuliancouflly, 
while  experiiueut  only  demonstrates  the  variable  and  always  sutall 
result  of  their  oppoaitc  effects,  which  then  might  be  individually 
much  grciiler  than  is  supposed. 

Cold-blooded  animals  also  appear  to  exhale  small  qaaatiti«  of 
nitrogen. 

1678.  Tho  total  quantity  of  oxygen  which  the  aninial  takes  from 
the  air,  iu  the  act  of  respiration,  is  not  always  again  found  in  ths 
carbonic  acid  exhaled,  a  portion  of  the  oxygen  most  frequently  dis- 
appearing in  other  noii-giidcous  compoun<ls,  which  rumain  in  the 
animal  economy,  or  are  expelled  from  it  with  the  exerementitioua 
matters — principally  with  the  urine.  Tho  ratio  between  the  quantity 
of  oxygen  found  in  the  carbonic  acid  and  the  whole  quuutity  of 
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oxygen  cotumticd,  depends  greatly  oq  the  nature  of  the  food,  >aAi 
variefi  very  Httte  in  animals  living  on  the  aame  aliments,  tt 
tliey  may  belong  to  very  different  species.     The  greatest  &\ 
tiao  of  oxygen  in  the  state  of  non-gaseous  compoands  tabes  pl»e 
Trhen  animals  are  fed  on  tncAt ;  the  ratio  between  the  ireight  of 
oxygen  contained  in  the  carbonio  add  and  the  whole  oxygen  con- 
Htuoed,  being  then  cotnpriHed  between  0.6T  and  0.74.     This  ratio  a 
ffreater  when  anluialH  ar«  fed  on  vegetables;  and  in  ribhits  sab- 
jected  to  tliia  r«giiuen,  it  hta  %'&ried  from  O.Sij  to  0.95.     It  is  still 
greater  when  animuU  are  ted  on  bread  or  grain  ;  for  it  may  eqaal, 
and  Mmetimw  ovon  oxccod  unity,  so  that  the  anim&I  then  evolveS'1 
in  the  stale  of  carbonic  acid,  a  quantity  of  oxygen  greater  than  that! 
which  it  has  taken  from  the  ntinoiphoric  air,  the  excess  of  oxygea  ' 
necessarily  procovding  from  tliu  food.     In  a  nibbit  fed  temporarily' 
on  broad  and  bran,  the  ratio  boLweeu  the  oxygon  contained  in  the  '■ 
carbonic  acid  exbulod  uud  the  whole  ((uuntity  of  oxygon  coosomc 
was  0.997 ;  while  in  cliickons  fed  on  graiu  it  varied  from  0.90  to 
1.03;  and  loatly,  in  ouimula  absolutvly  dieted,  the  ratio  was  nearly 
tbo  samo  as  when  they  are  M  ou  meat.     In  fact,  the  carbon  fuT'i 
ntshcd  for  rcitpirattOQ  can,  in  this  cue,  only  arise  from  themae1r«iy1 
that  act  being  then  accomplished  in  them,  »n  if  thev  were  car^j 
niverous,  even  though  they  were  birda  which  nattirally  feed  «»' 
grain. 

Iti71>.  In  the  mammifonc  and  in  birds,  the  quantity  of  carbonic 
add  formed  by  contact  witli  llio  body,  and  which  is  disengaged  bjT" 
the  intestinal  canal,  is  always  very  nnall,  since  it  rarely  reacbee 
of  that  furuifihcd  by  the  puluioiiary  rcBpiration.  Small  rjuantiticj  ' 
of  hydropon  and  protocarbtirotled  hydrogciLK  traces  of  aiamunia,aiii' 
exoeaaiveiy  email  quantiticd  of  sulphurcttt-d  gasct^  arc  disengaged'^ 
through  the  same  passages.  To  recapitulate,  in  warm-blooded 
animals,  tlie  pulmonary  ruitpirution  predominates  so  greatly  over 
the  secondary  causes  of  exhalation  ana  absorption  which  accompany 
it,  tliat  all  the  peculiarities  which  characterize  it  may  be  inferred 
from  obsenations  made  on  Uit-  whole  respiration,  as  though  tl  alone 
vcn  active.     On  the  contrary,  in  colo-bloodcd  animaT^,  the  cu- 

taneooB  respiration  predominates  to  so  great  a  degree  that  frogs . 

have  continued  to  brc&tbe  for  several  days  when  deprived  of  their^l 
lunge,  nearly  with  the  same  energy,  alisorbing  and  evolving  thft^H 
same  gases,  in  nearly  the  same  proportion,  as  well  as  in  nearly  the 
same  absolute  quantities. 

§  1b80.  Ilibertiatin/r  animate,  as  the  marmot,  during  their  wak- 
ing life,  breathe  precisely  in  the  Mtine  mnnner  as  otlier  anitnaK 
while  tho  phenomenon  is  wholly  changed  during  their  jileep,  their 
temperature  then  exceeding  that  of  the  surrounding  medium  only 
by  a  few  degrees,  and  tlie  consumption  of  oxygen  being  excessively 
feeble,  and  generally  leas  than  ^  of  that  required  by  toe  same  au- 
mohi  when  awake.     lUther  less  than  one-half  of  win  oxygen,  only ' 
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is  found  in  the  carbonic  acid  exhaled,  the  biUance  being  usimilated 
intornally  in  the  shape  of  non^gaBeoun  compoundy,  and  bein^  pro- 
hiiijly  pBXtlj  used  to  form  vater,  a  Fmall  portion  of  whirh  is  lost  t^ 
perspiration,  on  account  of  the  low  temperature  of  the  animal.  It 
hfncc  follows  that  the  weight  of  the  carbonic  acid  exhaled  is  len 
than  that  of  the  oxygen  absorbed,  and  the  ammal  increau$  in 
weight  b^  perapiration,  'i'hia  incrcsAe,  however,  docs  not  take 
pUca  coDtinuoualj,  fur,  every  few  days,  the  animal  generaUy  par- 
tiallr  awaktns  and  exp«U  bis  urine.  When  the  martnot  fully 
awaken,  big  reepiration  becomes  extremely  active,  macli  more  so 
than  when  be  has  boon  awako  for  some  tim«;  and  hia  temperature 
riaea  rapidly,  while  bis  limbs  gradually  lose  their  nnnibncM,  and 
the  animal  is  seized  with  a  Tiolont  sbivoring,  caused  by  the  sonsa* 
tion  of  Dold,  which  he  did  not  feel  during  slcejt.  Thi;  cunditions  of 
existence  are  no  longer  the  same  in  the  two  etates  of  the  nnme  ani- 
mal. The  waking  marmot  becomes  asphyxiated,  lilic  the  other 
mamniirer%,  in  an  atmosphere  poor  in  oxygen,  wfailo  in  the  torpid 
8tat«  he  would  be  unaffected  by  it.  He  cannot,  howerer,  bnog 
biiQMlf  voluntarily  to  tbin  state,  in  order  to  continiie  to  lire  in  an 
atBUWjphere  which  hia  instinct  tells  him  must  prove  fatal  io  hitn. 

S  I08I.  Tlie  respiration  of  animals  does  not  appear  to  be  changed 
in  an  atmosphere  richer  in  oxygen  than  ordinary  atmoapheric  air, 
nor  even  in  pure  oxygen ;  the  same  being  tnic  of  an  atmosphere 
ooQtainine  a  birgo  proportion  of  carbonic  acid,  provided  it  contain 
also  a  siimcieat  quantity  of  oxygen.  Lastly,  if  the  nitrogen  of  our 
ordinary  atmoaphere  bo  replaced  by  an  equal  volume  of  hydrogen, 
the  animal  breathes  as  usual,  without  any  injurious  efTecte. 

§  1662.  The  internal  combustion  of  the  carbon  which  serves  to 
form  cafbonic  acid  is  certainly  one  of  the  sources  of  animal  heat. 
This  fact  is  evident,  not  only  lui  being  a  necessary  conaeqneooe  of 
the  evolution  of  heat  which  always  ensues  on  the  combustion  of 
carbon,  either  by  active  burning  or  in  solutions,  as  in  alcoholic  fcr> 
mentation,  but  ia  also  manifested  in  the  variations  of  reepiratioa, 
according  to  circumatauces,  in  maintaining  the  constancy  of  tem- 
perature. Thua,  tho  quantity  of  oxygen  consumed  by  the  same 
animal,  and  the  quantity  of  carbonic  acid  exhaled  in  equal  perio<tts 
are  the  greater  in  proportiuo  tu  the  depression  of  the  surrounding 
tcmpvrituro ;  and  it  ja  also  grvatcr  when  the  nitrogen  of  itfi  artificial 
atmosphore  is  replaced  by  hydrogen,  the  relative  refrigerating  power 
uf  which  ii  much  greater.  On  this  accotmt,  animals  of  the  samedaaa 
consume,  in  a  given  time,  a  quantity  of  oxygen  in  inverse  ratio  to 
their  else;  the  loaa  of  heat  from  the  surface  being  proportionally 
much  greater  in  the  smaller  than  in  the  larger  animal.  For  example, 
the  consumption  of  oxygen  for  lUO  gm.  of  substance  is  10  timee 
greater  in  sparrows  than  in  fowls. 

It  has  long  since  been  admitted  that  tho  heat  evolved  by  an  animal 

in  a  given  time  is  precisely  equal  to  that  which,  by  a  vivid  combustion 
an  2  4T 
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in  oxygen,  the  carbon  contained  in  the  carbooic  ocitl  produced  iron 
afford,  and  the  liydro^en  wliicb  Vfouid  form  water  with  th&t  porli 
of  oxyKcn  ooDfttuncd,  vhich  t»  not  found  in  the  carbonic  odd. 
is  highly  probable  that  auimul  heat  is  vbolly  prodaced  by  cfaei 
cal  rcactiimfl  ensuing  in  tb«  economy ;  but  the  phenomenon  i> 
complex  to  allow  of  iu  calculation  from  (he  quantity  of  orirgoa 
snmed.     Tbe  Babstanccs  consamcd  by  rMpiratioa  generally 
of  carbon,  hydrof^n,  nitrogeo,  and  oxygen,  often  iu  conaide 
proportion ;  »nd  when  they  are  completely  destroyed  by  rcspiratio 
the  oxyg«n  they  coatxiu  contributes  to  the  formation  of  water 
oarboDic  acid,  and  the  boat  evolved  i^  necesarily  very  diSorcnt  t 
that  which  carbon  and  hydrogen,  supposed  to  be  free,  would  gii 
off  in  burning.     Those  substances,  moreorer,  are  nercr  coroplcie" 
consumed;  a  portion  boiug  converted  into  other  aubstancea,  vliil 
play  epecinl  porta  in  tlie  animal  economy,  or  which  escape  in  tl 
excretion;},  in  the  state  of  highly  oxidised  matters,  (urea,  uno  mai 
Now,  in  all  these  transformations  and  a«imilations  of  sobstaacesi 
the  organs,  beat  'a  evolved  or  absorbed;  bat  the  phenomena 
evidenuy  so  complicated  that  we  shall  probably  nerer  be  Ma  i 
make  tbem  the  subject  of  calculation. 


§1683.  We  shall  now  describe  more  in  detail  the  principal 
peitics  and  chemical  composition  of  the  liquids  which  are  niai 
the  uoimol  ecouomy. 

BLOOD. 

§  16&4.  The  blood  is  a  liquid  which  oiroolatee  in  the  voriom  i 
of  the  animal  economy,  and  furnishes  the  orgsn.<t  »-ith  iho  mat 
necessary  for  their  life  and  growth.     In  verlebrated  aiuixialfl, 
as  man,  the  mammiferie,  birds,  reptiles,  and  fishes,  the  blood  is  < 
bright  red  colour ;  while  in  the  inrertebrata,  as  in  insects,  tbo 
taceie,  mollu.skrt,  and  zoophytes,  it  is  much  more  fluid  and  colosrli 
or  merely  tinged  of  a  yellow,  green,  rose,  or  lilac  hue.    The  bltwl^ 
much  dcn^icr  tind  thicker  in  man  and  th<>  warm-blood i>d  anioials,  i 
tkS  tbu  uiommiferHj  and  birds,  than   In  cold-blouded   anitnala* 
density  and  ^Hscidity  varying  according  to  tho  food  and 

or  leas  recent  loss  of  blood  which  the  animal  may  bare  l_ 

In  an  adult  man,  the  average  density  of  the  blood  is  1.054  at  of 
being  s^jmewhat  less  in  females,  particularly  during  prcgnano 
when  it  falls  to  1.045. 

Two  kinds  of  blood  are  distinguished  in  man  snd  warm-bic 
animals:  arUrialN^od,  which  is  of  a  vermilion  red,  and  nmoit*! 
the  colour  of  which  ia  darker  and  of  a  browniuli  red,  wbidi 

colour  ia  produced,  as  we  have  shown,  (§  ItiTS,)  by  the  action ' 

atmoopherio  oxygon  on  tbo  blood;  and  it  tbcrcioro  exists  oolyi 
animals  which  breathe  in  the  air,  and  is  tiot  olwcrredl  dnring  icr 
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uterine  life.  The  colour  or  fistal  blood  is  inturtuediaie  Iwtween  that 
of  tbo  rcnous  and  artvrial  blood  of  adult  age. 

§  1685.  When  fresh  blood  of  a  rertebrateJ  auimal  ts  examined 
under  the  microwopc,  it  'us  Been  to  be  furmcd  of  a  colourless,  or 
nearly  colourl«8*  li(|aid,  in  wliicU  red  bodies,  uimiliir  in  form,  nml 
cnllo'l  I'lood-fflcbutet,  aro  diagominMcd,  irbioh  are  characteristic  of 
encb  ucnus  of  animaU.  Thov  form  in  mnn  and  ibc  gruatt^r  part  of 
tbo  oDier  manimiferge  btdaII,  circiilitr,  flattened  disks;  vrhtlo  in  birds, 
reptiles,  and  fisbeti,  they  are  elliptical.  Their  diameter  in  man  » 
about  ^of  a.  millimetTo,  being  oniJIcr  in  the  majority  of  other 
mumiiiifone,  and  in  the  goat  attaining  only  about  ,)],.  In  birds, 
tbofte  globules  are  larj^er  than  in  the  niami[ufi>r:n;  wliile  they  attain 
their  greatest  nize  in  the  family  of  tbc  batrschian^  and  t'e|>tile« ;  ttiu^, 
in  the  blood  of  the  frog,  thpy  are  nearly  ^  of  a  millimetre  in  length 
and  -fi  in  breadth.  Luatly,  in  fishc3,  the  globules  nrc  intermediate 
in  siio,  between  those  of  birds  and  tboso  of  rcptilus. 

Fig.  687  reprcacnts  tbo  blood-globules  of  the  frog,  eonsiBting  of 

flattened  elliptical  disks,  of  woich 
the  central  part,  less  coloured  and 
protruding,  is  tnirroundcd  by  a 
kind  of  deop-eoloured  border. 
Their  auutoniical  study  by  the 
microscope  nnd  powerful  chemical 
reagcnta  shoint  them  to  bo  com- 
posed of  two  entirely  distinct  parte, 
a  central  nucleus  nnd  au  envelope 
resembling  a  small  bladder,  con- 
taining a  coloured  gelatinous  and 
rery  elastic  subatance.  When  any 
part  of  a  frog,  aoiriciently  thin  to 
oe  translnccnt,  such  aa  the  web  of 
rSfr  687.  the  foot  or  the  tongue,  is  examined 

nniler  the  microscope,  the  globlucs  will  be  soen  to  be  rapidly  carried 
throagh  the  enpiltarics  with  the  watery  fluid,  and  to  be  mouientaiilv 
eotopreaseil  in  order  to  paa>  through  the  smallest  tubes.  BlooJ- 
globnletmay  bo  preserved  for  a  long  time  in  their  natural  lit^uld; 
while,  when  water  is  added,  they  awell,  probably  in  consoqueaco  of 
endo6nin««e,  and  tend  townnl  a  ophcrical  ahape.  The  central  nucleus 
does  not  appear  to  tindergo  any  change.  Certain  acids,  such  m 
phosphoric,  oxalic,  citric,  and  acetic,  rapidly  disnolre  the  external 
envelope  and  expoae  the  nucleus;  while  alkaline  liquids  dbaolvc  the 
whulc  ginhulo.  The  globules  remain  unohauged,  and  without  any 
appreciable  alteration  uf  form,  in  a  solution  of  sugar  or  gum,  and  in 
scvvral  Ealinc  solutions,  such  as  those  of  nitnite  uf  potaaaa  or  soda, 
and  chloride  of  potassium  and  of  sodium.  Fig.  (!8o  represents  the 
globules  of  human  blood,  in  which,  as  in  tbc  blood-globules  of  tlie 
other  nuunmifere,  the  central  portion  is  less  projecting  than  the 
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bonier,  vhilc  the  nnclras  is  not  iis- 
tinct^  iltliough  we  are  led  to  admit 
the  existence  of  one  hy  analoey, 
and  hj  the  manner  in  which  toe 
globules  arc  deoomposoct  hy  chom- 
cal  agents.  In  fig.  6S8  a  iaa  front 
view  of  ihfl  globules,  nnd  6  a  profile 
view  of  the  same. 

In  addition  to  the  red  globnlei 
which  give  colour  to  the  blood,  the 
microscope  delects  a  rpry  few  co- 
lourie^  globaleit,  of  Bphencal  form, 
closcljr  rcacinbliog  those  neen  in 
cliyle,  nud  some  of  which  appear 
^'f-  <>**■  to  be  composed  of  fat  alone. 

The  white  or  scarcely  coloured  globules  in  the  blood  of  the  in- 
vertebratA  diffe-  greatly  from  tboac  of  rertebrated  animaU,  aad 
their  size  rarivs  in  the  sumo  indiridual,  wliile  their  fonn  is  ceovrally 
spherical,  and  their  surface  ia  covered  with  asperities,  ift  e«iitnl 
nucleiut  can  be  distinguished. 

§  168(J.  The  liquid  Rurroundinp  the  blood-globule«  of  rertebrotpd 
animala  i»  water,  oontJtininK  in  (solution  a  great  namber  of  diffrreii; 
substances.  The  presence  of  a,lbiunen,  fibrin,  variotifl  fatty  tiuhstaii  ch, 
aome  of  which  contain  eiilphur  and  phoaphoros,  a  great  outubcr  of 
aalts,  such  as  the  chlorides  of  potaetiium  and  sodium,  chlorohydmte 
of  ammonia^  the  sulphates  of  mda.  and  potassa,  the  phoepha^  of 
soda,  lime,  ainlmajfuesiii,  tbecarlioaateti  of  soda,  time,  and  magaesia, 
and  of  alkaline  Salts,  formed  bj  fatty  acids  and  by  lactic  acidt  have 
been  detected  in  blood.  This  fiuid  contain»  also  several  gUM  >R 
solution :  oxy^ren,  carbonic  acid,  and  nitrogen,  which  arise  f»m  the 
action  of  the  air  in  the  lungs.  It  hiu  a  peculiar  mawkitth  taste,  charac- 
teristic in  somo  animals,  and  always  exort£  a  well-marked  alkaBoe 
reaction,  which  appcora  to  be  an  csscntiiU  of  its  nature,  for  animal 
life  ceaeea  when,  by  direct  injections,  the  blood  can  be  made  acid. 
In  a  healthy  man,  100  parts  of  blood  contain,  on  on  average,  7& 
pArtG  of  water,  1  part  of  mineral  sslIih,  1 ')  of  nlbnminous  substaseea, 
niid  some  thousandths  of  Ebrin,  besides  the  red  colouring  matter 
known  by  the  name  of  hemat^nn;  which  proportions  vary  greatly 
with  the  state  of  health.  In  the  blood  of  birds,  the  relative'  quan- 
tity of  water  is  generally  somewhat  smaller  than  in  man,  while  it  b 
greater  in  that  of  the  batrnchtan  reptiles  and  fishoa.  As  niDeh  as 
98  per  cent,  of  water  haa  been  found  in  the  blood  of  a  frog. 

§  1687.  Blood  drawn  from  a  vein  noon  loses  ltd  fluidity  and  CM- 
gvlattt;  which  generally  oommences  in  .5  or  10  minutes  after  its 
extraction,  but  is  not  complete  until  the  lapse  of  8  or  10  hours, 
gelatinous  matter  forms,  which  thickens  more  and  more,  until, 
a  certain  length  of  time,  the  blood  separates  into  two  portions: 
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floid,  ycllowiuh  unj  transparent,  called  the  ttrwit;  »nd  tbc  other, 
geUtiAODi  and  elsstic.  of  a  deep  red  coloiir,  and  called  the  efol,  ca- 
agulumy  or  croMamentum  of  the  blood.  The  coaguUlion  of  blood  i* 
produvcd  br  the  fibrin,  which  remains  in  solution  *o  long  as  the 
blood  is  under  the  iniluenoe  of  vitaJicy,  but  ncparatcs  from  it  vhen 
it  10  removed  from  the  animal  economy,  carrying  with  it  the  blootl- 
j^lobulea,  in  the  aarae  way  that  soluble  albumen,  used  for  tho  clari- 
fication of  a,  muddy  liquir,  cnmca  down  the  corpuscles  which  exist 
in  it,  as  soon  as  it  ia  coajtulated  by  heat.  If,  instead  of  allowing 
the  blood  to  rest,  it  is  beaten  Tritb  rodi),  the  fibrin  atill  coagulates, 
and  forma  whitish  and  elastic  filaments,  which  adhere  to  the  rods^ 
the  blood-globules  not  being  included,  bccauae  they  are  detached , 
by  the  agitation  of  the  fluid.  Defibrinatcd  blood  nu  longer  ooagn* 
lates.  it  is  easy  to  demonstrate,  on  the  blood  of  frogs,  the  gkibu«8 
of  which  arc  too  large  to  pasa  through  filtering-paper,  that  fibrin  is 
really  in  solution  in  the  serona  lic[Uid,  and  does  not  coostituto  any 
part  of  tlio  globules^  a&  was  long  supposed.  It  is  sufficient  to  pour 
upon  a  Eller,  prcriously  moiatened,  the  blood  of  a  frog,  at  tlio  mo- 
ment of  its  extraction,  to  show  that  a  portion  of  the  liquid  passes 
through  the  filter  before  the  commencemont  of  coagulation ;  and 
after  collecting  this  porUon  in  a  'watch-glass,  the  cucroscopo  will 
exhibit  in  it,  after  a  dhort  time,  a  colourle.sfl  clot,  which  may  b« 
made  visible  by  collecting  it  on  a  needle.  This  experiment  doee 
nut  succeed  in  human  blood,  nor  in  that  of  other  mamuiferte,  be- 
Caa8«  the  fluid  is  more  viscid  and  the  globules  are  sufficiently  small  i 
to  pass  through  the  paper. 

The  blood -globules  are  not  uniformly  distributcti  throughout  the 
ceagulum,  but  fall  toward  the  lower  part,  while  the  upper  strata 
generally  contain  but  very  few  of  them ;  in  which  case  they  contract 
still  further,  and  form  a  eort  of  pellicle,  called  the  buffy  coat  of  the 
blood.  By  forcibly  compreiuing  the  clot,  the  greater  pan  of  the 
liquid  serum  may  be  expressed  from  it. 

Serum  is  a  yellow,  slightly  viscid  6uid,  of  a  density  ranfpng  from 
1.027  to  1.029:  it  has  a  e'lightly  saline  taste,  and  coagulates  al 
about  168,8*',  which  property  it  owes  to  the  albumen. 

Several  saline  substances  prevent  the  coagulation  of  the  blood ; 
as,  for  example,  sulphate  of  soda,  the  chlorides  of  sodium  and  potas> . 
siura,  nitrate  of  pot&ssa,  borax,  etc.;  and  the  proportion  of  tliefl< 
salts  must  be  about  {  of  the  weight  of  the  blood.  The  dilute  mine- 
ral acids  also  prevent  the  coagulation  of  blood,  but  impart  to  it  an 
oily  conEiatence.  A  teuipurature  of  86°  or  104°  appears  to  be  the 
most  favourable  for  coagulation,  while  cold  retards  it  considerably. 

Healthy  human  venous  blood  yields 

Coagulum 13.0 

Serum .87.0 

100.0 
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f  Fibrin 0.80] 

Coaini]inn<  r-i  ».  i      f  nematosin 0.20  >1S.( 

™6        \Glo»>"l** I  Albttimoous  matter I2.60j 

'^W.ler 79.00 

Albumen 7.00 

Pntly  sub»tiuic«s 0.06 

Various  salts  with  nuner»l!«s« r 0.94 

100.00 


Senim.... 


§1686.  Hematostn,  or  tlie  reJ  colourltij:^  matt«r  of  blood,  bu  ^| 
probably  not  yet  b€«n  cxtractcil  in  a  state  of  purity,  &ail  has  not 
oean  obtained  orystalUzeil.  In  order  to  obtain  it,  Eulplitiric  acid  is 
added,  by  small  portioos  at  a  time,  to  blood  previoiuly  dofibriaatcd  by 
bcnling;  until,  by  the  cosgulation  of  tlie  albuminous  subslAnccs,  the 
liquid  becomes  like  a  thick  broth  of  a  brown  eolotir.  This  mass 
being  ^ated  in  a  small  quantity  of  alcohol,  iittt'rcd  through  mo^ 
lin,  and  oomprMsed,  the  rendn«  ia  treated  several  times  vrith  alco- 
hol acidulntrd  with  a  small  qua-otity  of  gntphuric  acid,  until  tlw 
liquid  has  lost  ittt  colour,  and  the  albuminous  matter  ia  tlius  nInoK 
completely  bleached.  Tlio  alcoholic  Uquor  is  supcrsalurolcd  by  ^M 
ammonia,  and  thi>n  oraporatod  to  drrnoss;  when  the  residue,  whidi  ^M 
is  oompoecd  of  hcuiatoatn,  mixed  witib  some  fatty  and  eome  alkaline  H 
cnbstanoes,  ia  treated  succrasirely  by  ether,  alcohol,  and  water, 
which  dissolTo  tho  foreign  eabfttanCM  and  leave  the  colouring  mat- 
ter. It  id  then  purified  by  dissolving  it  in  ammooiacal  alcohol,  and 
again  eeparatine  it  bv  crnporatioa ;  the  homatosin  rcnouui  in  the 
form  of  a  hlackish-rcd  amorphous  mass,  which  is  taatL-teits  and  ino- 
dorous, and  insoluble,  when  cold,  in  alcohol,  water,  or  ether ;  while  it 
dixscilres  rca<lily  in  alcoholic  solutions  of  poLassa,  soda,  and  ammo- 
nia, vhich  it  colours  intensely  red.  This  inb8ta.nco  eoatuu  M 
much  as  10  [>cr  cent,  of  scsquioxidc  of  iron,  which  appeani  eaaentkl 
to  the  existenee  of  the  globules. 

§1689.  The  quantitative  analysis  of  blood  is  veij  diiEcnIt,  and 
no  rcry  accumlp  process  is  yet  known ;  the  following  being  that 
most  generally  adopted  by  physiologislfl : 

The  blood  is  first  beaten  nntti  a  brush,  until  the  fibrin  is  separated 
as  perfectly  as  possible,  in  wliitish  filaments,  which  ore  carefully 
coUoctml,  and  weighed,  after  being  washed,  on  a  cloth,  with  waier. 
and  then  dried  at  21*2'='  until  the  weight  remains  constant.  Three 
or  four  times  its  volume  of  a  saturated  solution  of  sulphate  of  soda 
being  added  to  the  dcfibrinatod  liquid,  in  order  to  prevent  the  alter- 
ation of  the  globules,  it  is  rapidly  filtered,  causing  bubbles  of  air 
to  pass  constantly  through  the  liquid  in  the  filter,  to  prevent  the 
globules  from  adhering  to  each  other.  In  this  particular  case,  the 
blood-globules  do  not  pawi  through  the  filter,  and  the  anlphate  of 
fioda  prevents  tlie  coagulation  of  the  small  quantity  of  fibrin  which 
may  still  remain  in  the  liquid.     The  globules  are  washed  wiili  a 
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flolution  of  BDlphiLte  of  soda,  druti  in  vaciN),  and  th«n  tr«at«d  tats 
ccsaively  with  «ther  which  diswlree  the  futty  matter,  with  alcohol 
which  aifiKolvcs  a  iiinall  rjuuntity  of  foreign  organic  matter,  and 
with  water  which  removCB  the  sulphate  of  boi^b.  The  dried  globules 
art?  iiuioluble  in  these  various  liquidts  and  undergo  do  change;  and 
after  beio;;  again  dried,  tbej  are  weighed. 

This  being  donOr  another  portion  of  the  tatne  blood  ii  allowed  to 
coagulate  spo&taneoualj,  ana  the  crasssmentuiQ  beiog  separated  aa 
completely  as  possihlo  from  the  Honim,  they  are  weighed  sepa- 
rately. The  serum  1»  then  evaporated  in  &  water-bam,  and  the 
residue  dried  at  212^  or  in  vacuo,  by  which  means  is  oHconainod 
the  proportion  of  dry  subslancos  and  of  water  constitating  the  fluid. 
On  the  other  hand,  inn  cnuuamcntuia  is  perfectly  dried  at  SIS'*,  and 
its  loss  of  weight  is  supposed  to  represent  the  water  of  the  serum 
which  waa  contained  iu  thu  cou^uin;  when,  by  a  proportion 
founded  on  the  knowledge  of  the  compoution  of  the  aeroui,  above 
given,  the  weight  uf  the  ecrum  contained  and  the  weight  of  the 
ftoUd  p&rtd  of  the  eerum  which  remained  in  the  dried  eoagulum  is 
ascertained.  The  latter  weight,  avibtrnctcd  from  that  of  the  dried 
coagulum,  reprcsenta  the  united  weight  of  the  Gbrin  aud  globules, 
which  should  bo  equal  to  the  sum  of  the  weights  of  the  fibrin  and 
globules  obtained  scparatelj  in  the  first  aouysta.  The  fatty  ftnb- 
stonces  arc  separated  from  the  dried  coagtiliim  and  from  tho  rewdae 
of  iho  evaporation  of  the  serum  by  treating  them  with  ether. 

Lastly,  the  mineral  salts  arc  obtained  by  ineinerating  separately 
tho  ooagtilum  and  dried  ecrum,  and  Mccrtaluiiig  the  weight  of  the 
aahes,  which  may  be  then  subjected  to  n  spceial  analysii^  if  a  suffi- 
cient quantity  of  blood  has  been  operated  on.  By  Hubtracting  tho 
weight  of  the  ashes  and  that  of  the  fatty  matter  found  in  the  t^erum 
from  the  weight  of  the  dried  serum,  and  taking  into  account  the 
aemm  interposed  in  the  coagulum,  the  weight  of  the  albuminoid 
8Dl>stui«c3  is  obtained,  added  to  a  small  quantity  of  other  organic 
Bubstancos. 

LYMPH. 

§  16d0.  Lymph  is  a  liquid  brought  from  a))  the  organs  of  the 
body,  by  a  system  of  vcflBeU  called  lymphatic.  It  id  a  limpidi 
slightly  viscid  fluids  having  »Q  alkaliuo  reaction,  and  ooaguUting 
spoDtaneously  like  blood.  It«  oompositioa  reaesablefi  that  of  fluid 
blood,  with  tne  exception  of  the  coloured  corpuMiles;  while  fibrin, 
albumen,  and  the  eaUnc  substances  peculiar  to  blood  are  also  found 
in  lymph. 

!fhe  lymphatic  veseela  which  convey  the  lymph  from  the  intea- 
tlneH,  perform,  during  digestion,  the  function  of  uhsorbing  the  fatty 
matters :  in  conecquence  of  which  the  lymph  ai  thij  time  acquires 
nn  opaline  and  whitish  linge,  resembling  millc.  The  nameof  c^y/tf 
is  given  to  tbiti  mixture  of  inteetiual  lymph  with  the  fatty  matt«r, 
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and  the  Ijmpliatics  of  tbo  intcstbe  linvc  rocoirod  tlie  name  of  cfiy- 
li/arous  or  loiteai  veuelt,  from  their  fimetion  of  oonrcjmg  tb 
white  chyle. 


UQITIDS  WHICH  APPEAR  TO  PLAY  A  PABT  IN  DIGESTION. 

§  1691.  Varioos  li<iiiid8  ocear  in  the  intestinal  cnn&l  of  ftnioub 
secreted  bjtrpecial  organn  enomeratcd  $  ll)fj7  ct  »cq.,  and  the  prii 
cipal  duty  of  ifhich  appeara  to  be  to  effect  the  solution  of  nltmei 
ary  psbstances  and  their  passage  into  the  blood.      Pliysiolo^ 
divide  them  into 

Int.  Saliva. 

2d.  Gastric  jmce. 

3d.  Bile. 

4th.  Pancreatic  juice. 

5th.  Intestinul  juice. 
A9  the  chemical  nature  of  these  variooM  fluids  ia  far  from  beii 
precisely  ascertained,  ire  shall  confine  ooreelves  to  the  most  gene 
infonnatioa  on  the  subject. 

SALIVA. 

gl69S.  Saliva,  the  liquid  vhich  moistens  the  month,  is 
by  peculiar  glands,  culled  saih-aiy,  in  various  quantities,  accordlll 
to  the  wants  of  the  animal ;  the  fiuid  being  introduced  most  si 
dantly  into  the  mouth  during  uustication,  while  its  chief  functtfl 
appears  to  be  to  assist  deglntitlon.     The  saliva,  as  it  exudes  f 
the  mouth,  is  a  ropy  and  opaline  fluid,  which,  vhen  allovcd  to 
si^parates  into  an  upper  clear  and  fluid  portion,  and  a  lower 
viecid  portion,  in  which  swim  filaments  of  mucns  and  rcmoini ' 
organic  substances.     The  density  of  saliva  is  but  Hltte  rrcaier  i?ii 
that  of  water,  since  itraroly  exceeds  3.008,  and  its  reaction  is  genc 
rally  slightly  alkaline.     It  precipitates  several  metallic  solnuooe 
and  deposits,  at  the  boiling  point,  some  coagulated  principles.     AI 
solute  alcohol  prcdpitates  from  sslira  a  peculiar  matter,  called  ^ 
alin,  to  which  physiologists  attribute  &  special  function,  bcoaiue  i 
converts  starch  into  dextrin  in  a  pretty  short  space  of  tinw, 
sabse^ently  into  glucose ;  hut  thi!i  property  is  Inuwn  to  belc 
all  albuminous  substances.     To  the  saliva  is  attributed  the  { 
tion  of  the  deposits  which  adhere  to  the  teeth,  commonly  callj 
dental  tartar,  but  which  consist  of  earthy  pboephates  and  cart 
atea,  mixed  with  mucui  and  other  organic  substances  which  are  : 
yet  onknown. 

GASTKIC  SVtCB. 

S1608.    The  gastric  juice  is  eeoretod  by  the  parietes  of  tli 
stomach,  varying  in  quantity  with  that  of  Die  food  to  be  dim 
and  it«  duty  i&  to  effect  the  aolatioB  of  nitrogenous  orgaua 
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stances,  for  it  «pp«&rs  to  exert  uo  action  on  feculs  or  fatty  matteni, 
since  the  latter  Icaro  tho  atomnch  -n-tthout  anj  remarkable  change, 
uud  mrct  in  tlii:  i&t«stine  only  the  fluids  irhich,  by  affecting  tlicir 
solution  or  disaggresntion,  enable  them  to  bft  afcworbcd. 

When  freed  by  filirait ion  from  certnin  muollaginous  eubstanccs 
and  organic  Fcmainn,  gastric  juica  is  a  colourless  and  limpid  fluid, 
having  a  Baline  taste,  and  a  feeble  but  peculiar  odour,  wbiob  variua 
in  different  animals ;  and  it  always  exerts  a  decided  acid  roactioii 
on  Utmua.  It  may  be  preserved  unchanged  for  an  indefinite  length 
of  time  ID  the  air,  and  without  Inning  the  property  of  effecting  the 
solation  of  nitrogenous  alimentary  sobstanoe?.  The  essential  oon- 
stitueuts  of  gaatric  Juice  arc  alkaline  Baits,  certain  arganic  mb> 
stances,  and  a  free  acid ;  the  whole  being  dissolved  in  a  large  quan- 
tity of  ivatcr,  which  forma  98  or  09  per  cent,  of  the  juice.  The 
salts  of  gastric  juice  are  chiefly  alkaline  chlorides  and  sulphates,  in 
which  soda  prcduminates,  the  nhoeiphatca  being  found  only  in  a 
wery  email  proportion.  In  adaitiou,  small  quantltioa  of  sulphate, 
eazmn*t«,  and  phosphate  of  lime  are  also  met  witli. 

Gastric  juice  is  divided  into  two  orgnnic  compounds:  a  muctlagt* 
noDS  subatance,  the  nature  and  functions  of  which  are  not  deter- 
mined, and  a  special  nitrogenous  substance,  to  which  the  greatest 
share  in  the  phenomenon  of  digestion  is  attributed,  known  bj  the 
names  of  chtfmotin,  p<ptin,  and  gatttrate.  It  may  bo  precipitated 
from  ffostric  juice  by  alcohol  and  acetate  of  lead,  or  may  he  sepa^ 
rated  DT  evaporation,  it  being  in  both  cases  obtained  in  an  amor> 
phcus  form,  from  which  it  u  impossible  to  decide  whether  it  is  a 
simple  and  definite  Biibstaiice. 

The  acidity  of  gastric  juice  appeara  to  be  always  due  to  the  pre- 
sence of  a  small  q^unntity  of  free  lactic  acid. 

TSTien  meat,  cut  into  thin  slices,  is  dipped  into  gastric  juice,  it  is 
seen,  at  first,  to  swell  and  become  translucent,  after  which  it  gra- 
dually disaggregates,  and  finally  'a  wliolly  dissolved.  Frum  this 
powerful  action  we  might  bo  led  to  suppose  that  gastric  juice  would 
act  on  the  coats  of  the  stomach  ;  but  inoy  are  colored  by  a  mucus, 
which  is  constantly  renewed,  and  preserves  them  from  contact  with, 
the  juice;  while,  after  death,  this  mucus  becomes  putrid,  and  the 
gastric  juice  then  attacks  the  coats  of  the  stomach. 

BILB. 

§  IGM.  Bile  is  a  liquid  secreted  by  the  liver,  and  coUecteil  in 
a  special  receptacle,  the  gall-bladder^  placed  immediately  below  the 
secreting  organ. 

Bile  19  a  ropy  fluid,  in  man  of  a  yellowish-green  colour,  of  a 
brownisfa-greea  in  the  ox,  and  of  nn  cmerald-grcen  in  birds,  amphi- 
bious animals,  and  fishes.  It  has  a  peculiar  nauseous  smell  and  a 
bitter  taste,  ^^'bvu  poured  into  water,  it  fir»t  fuJts  to  the  bottom 
of  the  fluid,  but  dissolves,  on  stirriDg,  almost  wholly,  forming  * 
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frolbj  liquor.     The  r«kction  «xert«d  hy  bilo  on  organic  cole 
matters  U  notcoiuitiiiit:  it  is  frcfjncDtljr  alkftltQi>T  sometimcti  n( 
and  soraetimeB  Mnnblv  add.     Bilo  soon  uncl«rg(>o6  n  chaofce  in 
ur,  and  patrefiea,  emitting  &  rcry  dim^L'cablc  odoar;  and  it 
gulat«s  by  boiling.     Acids  vlfi^ci  »  copious  precipil*te  in  il. 

Altbough  bile  IiUH  heva  studied  by  u  ^n't'at  oumbiT  of  chesniatt^ 
tiiey  are  not  yet  dL>t«ruiiued  as  to  its  nature,  owing  to  tbe  gre 
mobility  o{  iia  constituent  principles  Id  the  prCMttco  of  cbcmic 
agonte. 

Bile  may  be  considered  ai  a  soap,  witb  soda  for  its  baio, 
formed  bj  two  acids,  called  choltc  unA  choleie,  and  containing!,  in  adiS^ 
tion,  nnallquantitiesof  a  cryRtallizable  fattv  aubiita.nc«,  or  eM«*tfrm, 
fnlty  acids,  and  vorions  salts,  of  vliich  pota^aa,  »)da,  ammonia,  and 
tna^ncfua,  form  tbe  banes.  The  formula  of  cbolic  acid,  whieb  eoD- 
Blitntea  tb«  greater  portion  of  I>ilc,  in  OuIIuNO„ ;  and  bj  being  boiled 
witb  caustic  potanso,  it  h  cunverted  ijito  glycocoll  CjU^NO^  and  a 
new  acid,  called  cAoM/t>,  OuIl»OvllO: 

C„H^O„-C.H,N0,+C«H3,0^H0+HO. 

But  if  Utc  boilinj;  be  prolonged  for  6«me  tim«i  the  diolalic  add 
itself  convert«4l  into  a  substance  of  a  rensoua  appearsDoe,  dtfilgti^ 
to  whidi  Uie  formula  C^j11mO(,.2IIO  ha£  been  aaaigoed.     Tbe 
lowing  equation  rcprcscniit  the  final  reaction: 

C„H„N0„-C.U,NO.+C«H„O.,2H0. 

Cbolalic  acid  crjstallixce  rcfldily  in  alcohol  or  in  ether,  ibe  I 
mulaof  its  crvBtaU  bciug  C^H^0^,E[0  +  5H0.     They  are  sc 
soluble  in  cold  water,  while  they  dissolve  readily  in  Bolntioiu 
the  caustic  alkalies  and  alkaline  carbonates,  but  tbe  Milts  thus  fq 
do  not  cryatallizo  by  ovfiporaiitni.     If,  oq  the  contrary,  an  al« 
Roliition  of  cbolalic  acid  be  neutralized  by  potaeso,  and  ether 
to  it,  colourlcsa  needles  of  cliolaliite  of  polawa  KO,C^jH„0,  are 
posited.       At   a  temperature   of  392  ,   crystuIUxcd   cbolalic  acn 
C^H^0j,lI0+5nO    i8    converted    into    a    now    acid,    eholoi 
C«HmO.,3IIO:  and  if  it  bo  heated  to  STO",  it  ia  changed  into  djalj 
sin  C„HjeOj,2H0;  wnier  only  being  parted  with  durmg  iIm 
ccsetve  changes. 

The  gecond  acid  of  bile,  or  ehoUic  acid,  which  contMn«  a  Ian 
amount  of  Hulphur,  has  hitherto  not  been  obtained  in  a  Etate 
purity.     Boiling  alkaline  solutions  convert  it  into  cbolalic  acid  and 
a  neutral  sulphuretted  substance,  taurin  C^H^SjO^  rcmnrkalil<^ 
for  its  beautinil  crystalline  forms.     Taurin  ia  dao  formed  by  boil 
bg  bile  with  chlorohydric  acid.     It  is  a  isubstauee  very  soloble  id 
boiling  water,  hut  nearly  insoluble  in  absolute  alcohol,  and  excr 
no  action  on  coloured  reagents. 
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Biliary  Calculi,  and  Chohiterin  C^II^O. 

§169>>.  Concretions  of  diversified  fortnit  and  size,  called  biliary 
ealculu  ar«  frwiuonlly  developed  in  the  gall-bladder  and  biliiry 
dacti*.  Thoy  aro  essentially'  composed  of  a  fatty,  crjfilatliiuible 
aabstanco,  eholejttcria,  luixod  utth  Hubsuiiicea  of  a  resinous  appcftr- 
ance  and  mucus.  Wbcu  tlic  powdered  calculi  are  treated  witli 
boiling  !ili:uliol,  uud  ibo  li<|uul  in  bleached  by  animal  black,  bi^niilifal 
cryatatUoc,  brilliant,  and  cvluurkaa  Inincllac  of  cholcstsrio  separate 
on  cooling.  It  i«  a  neutral,  insipid,  and  invdorouB  substance, 
lligbtly  soluble  in  cold,  and  venr  eolablc  in  boiling  alcohol.  It 
melts  at  278.6°,  being  decomposed  oal^  at  a  very  bijjh  temperature, 
and  it  resists  the  action  of  alkaline  lixmwj. 

Cbolesierin  is  deposited  from  iu  alcoholic  aoIutJons  in  tlie  Htate 
of  bydratcd  cholenti-rin,  which  \q9^9  all  itd  water  at  '1V1°.  Th« 
composilion  of  dried  cholesterln  correspondB  lo  Cj,H„0,  but  its  true 
formula  cannot  bo  exactly  determined,  for  no  dii&nito  compound  of 
it  is  known.  Chlorine  forniA  products  of  aabstitution  with  it,  its 
acUon  stopping  at  quadriohlorinated  choletterin  C|gH„CI^O. 

PANCBEATIC  JUICE. 

§  1696.  The  functions  of  the  pancreatic  juice  appear  to  be  to 
effect  tbv  didaggrcgation  of  fatty  Bubntanccs,  and  to  enable  them  to 
pass  into  the  circulation,  {%  lHti9.)  In  fact,  by  mixing;,  at  the  tem- 
perature of  100"  or  104°.  (which  is  that  of  warm-blooded  animals,) 
pancreatic  Juice  with  oil,  butter,  or  fat,  these  enbstancea  are  rapidly 
conrertcd  into  on  emulsion,  and  yii^ld  a  whiti.sh  and  creamy  fluia; 
being,  moreover,  cbcmicsilly  altered  and  itoparatod  into  fatly  acids 
and  glycerin.  Of  all  the  various  fluids  in  the  animal  economy,  pan- 
creatic juice  is  the  only  ono  which  oxorts  this  remarkable  action  on 
lata. 

Pancreatic  juice  is  a  colourless,  adhesive  fluid,  which  beeootes 
frothy  by  shaking,  and  ooostantly  diapUya  an  alkaline  reftotion. 
Heat  coagulates  it  completely  into  s  single  mass,  in  which  respect 
it  closely  rc-scmblca  white  of  egg,  but  dimra  from  it  in  many  apaaal 
properliea.  If  alcohol  be  poared  into  pancreatic  jnice,  the  acUre 
coagulated  principle  is  precipitated,  but  it)  wholly  redissolved  in  oold 
water,  even  after  destccation,  while  the  white  of  egg,  when  coagulated 
by  alcohol,  is  insoluble  in  water.  In  addition  to  the  organic  sob- 
siaDcefl,  pancreatic  juico  contains  alkaline  carbonates  and  chlorides, 
and  some  few  phonphatcs ;  the  predominating  base  being  soda. 

INTHSTINAL  JOICB. 

1 1697.  The  name  of  intf-Mtinal  Juice  is  giren  to  a  fluid  secreted 
by  the  intestinal  canal,  and  to  whiuh  the  liijucf*<Hion  of  amylaoeoas 

and  l!gneou.i  subntancca  ia  partly  attributed;  but  the  joicc  has  hitherto 
not  been  obtained  separately,  being  always  mixed  with  other  diges- 
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tire  juices.    The  mixture  ezlubita  sometitneft  ao  alk&lioe, 
an  add  reaction,  according  to  the  nature  of  the  food ;  bat 
aociirate  is  known  concemmg  its  composition. 

CHYLE. 

§1698.  Chtfle  is  the  fluid  coutaincd  in  the  clijlifcroas 
When  taken  from  the  thoracic  duct,  wliicli  is  the  common  trunk 
tli^e  veeaels,  it  is  geuemllj  cloudod  and  milky;  its  reaction  bei 
alwBjB  alkaline.  Ita  opacity  is  owing  to  the  fatty  matter  wht 
ejcwts  in  it  as  an  emulaion;  and  the  microscope  detects  in  it  two  . 
kinds  of  colourless  globules,  eome  of  which  are  fatty,  wlule  othci^H 
conttitute  a  peculiar  aubstance,  called  chtfte-^hbuUif  the  shape  9^M 
irhich  is  irregular. 

Wbcn  exposed  to  the  air,  chyle  soon  coaealates  and  diride«  inXt 
two  portions;    a  colourless,  or  sliffhtlj  reddish  coagulum,  and 
colourlcaa  liquid,  termed  serum  of  me  chyU;  the  fatty  matter  orign 
ally  ift  suspension  ooDcoting  un  the  surface  of  the  eeram. 
eoagutation  of  chyle,  like  that  of  the  blood,  is  owine  to  the  8e( 
tion  of  the  fibrin,  which  becomes  insoluble,  and  carries  with  it  ot 
substances;  while  the  aonun  chiefly  contuna  albumen,  which  coag 
lates  when  the  fluid  is  boiled.     The  relatire  proportions  of 
coagulum  and  aerom  are  very  Tanablc,  according  to  the  Bpeeies 
animal,  and,  abore  all,  according  to  the  food.     The  chyle  of  a  hn 
yields  from  1.1  to  5.ii  per  cent,  of  fresh  and  from  0.2  to  1.7  of  ("  ' 
coagulum ;  while  that  of  tlic  dog  yields  from  1. 3  to  6.7  of  the  i 
Bubstanoe  when  nioiet,  and  from  0.2  to  0.0  when  dried. 

§  1699.  Milk  is  a  liquid  secreted  by  special  glands,  cmlM  i 
niary,  in  the  females  of  animals,  after  delivery.  It  is  wliiU 
opakc,  and  Kcrvcs  as  a  type  of  all  fluids  of  analogous  appearaii< 

which  are  then  said  to  ue  mili 
The  opacity  of  milk  is  owing  tol 
muhiitide  of  nmall  fatty  globuua,  i 
from  1  to  3  hundredths  of  a 
metre  in  diameter,  which  are 
pended  in  it  in  a  state  of  emu 
I'hese  globules  are  easily  aeen 
examining  a  thin  film  of  milk 
A  microecope,  when  they  pi 
the  appcnrance  represented  in 
€ijl>.     When  milk   is    allowt-d    t«i 
I  lett,  the  fatty  globules,  by  Tinne 
I  of  their  low  specific  gravitT,  riK 
to  the  surface,  and  form  a  coat  of 
>'»K-  ^'>  cream. 

Ether  doea  not  remore  the  fatty  gloublea  by  simply  being  abakea 
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with  milk;  wUlo,  if  a  few  drops  of  acetic  acid  be  added  to  it,  and 
the  liquid  bo  tbcn  boiled,  tlic  globuk-a  unite,  and  may  be  dit!SQlrod  by 
ether.  If  a  cooo«mtrat«d  golutioii  of  sulphate  of  Boda  or  sea-salt 
bo  stirred  in  milk,  and  the  whole  thcu  filtered,  the  globules  arc 
arrcstod,  and  tho  Quid  which  passes  through  ts  nearly  transparent 

Milk  contaiDe,  in  addition  to  the  fntty  mtbitaiiee,  a  oitri^eaous 
Bnbstuncc,  which  we  shall  describe  under  the  nameof  mmn,  and  to 
which  it  0WC9  its  principal  nutrient  qualities,  a  peculiar  sugar,  lugar 
tf  milky  albuminous  substanoos^  and  mineral  salts,  all  uf  wluch 
exist  in  it  in  difTercnt  proportions,  not  oalv  in  the  diSercnt  iipeci«8 
of  animals,  but  even  in  the  same  indiTiduall.  They  depend  greatly 
on  the  food,  tha  greatest  variations  beinf;  f^und  in  the  fatty  matter, 
wbioh  doea  not  exist  in  the  same  (quantity  at  the  bejijinning  and  end 
of  the  milking.  The  trun^pan-at  part  of  mtlk,  or  whty,  Li  much 
more  constant,  and  is  appreciably  the  same  in  the  different  periods 
of  the  Hamo  milking,  xlic  fatty  globules,  collected  together,  form 
butter. 

Milk  U  habitually  alkaliuc,  but  it  soon  sours  in  the  air,  particu- 
larly iu  warm  or  stormy  weather,  lactic  acid  being  developed,  which 
oaoBca  the  coagulation  of  the  casein.  The  caseuuit  matter  twparatni 
ID  clou,  carrying  with  it  the  fatty  globules;  and  the  milk  i^  thon 
said  to  be  turned.  Thitt  cluin^e  is  avoided,  without  iiijuriug  the 
qaality  of  the  milk,  by  the  addition  of  2  or  3  tlionsandtfag  of  bicar- 
Iwnato  of  soda;  while  the  addition  of  a  few  drops  of  any  acid  will 
torn  it.  Freah  milk  does  not  coagulate  hy  boihng,  but  it4  surface 
becomes  covered  with  white  pellicles  of  an  albununoua  eubetanoe, 
which  contains  the  fatly  globules;  and  when  the  milk  boils,  these 
pellicles  prevent  the  escape  of  the  steam,  causing  the  liquid  to  bul 
over  if  the  vessel  be  not  removed  from  the  fire. 

§  1700.  \n  accurate  analysis  of  milk  is  a  delicate  operation, 
requiiiDg  a  considerable  length  of  time.  The  milk  being  evaporated 
to  dirneu  in  a  procelain  capsul«  heated  iu  a  water-bath,  the  residue 
ia  dried  at  248°,  and  weighed ;  the  weight  of  the  residue  reacluDe 
11  er  12  hundredths  in  cow's  milk  of  good  quality.  It  is  treateu 
vitb  a  mixture  of  alcohol  and  ether,  which  dusclvca  only  the  fatty 
matter;  after  which  the  latter,  being  separated,  is  evaporated  and 
weighed.  The  casein,  sugar  of  milk,  and  the  salts  temua  in  the 
residue  after  the  treatment  by  alcohol  and  ether,  and  are  weighed 
together  after  being  dried,  when  the  residne  is  incinerated,  aftd 
yields  the  mineral  salts,  by  subtracting  the  weight  of  which  from 
that  of  the  residue,  the  cs«ein  and  sugar  of  muk  are  det«rmiued. 
The  sugar  ia  more  accuratuly  di't4.Tmioea  by  oplicitl  experiment*,  for 
it  possesses  considerable  rotatory  power  on  the  piano  of  polariaation. 
For  this  purpose  the  rotatory  power  a  of  a  certain  weight  v  of  sugar 
of  milk,  dissolved  in  TOO  cubic  centimetres  of  water,  ana  observed 
in  a  tube  0.3  m.  in  length,  being  first  aecertaincd,  a  certain  qoaotity 
of  fresh  milk  ia  heated  to  105°  or  120°,  and  treated  with  a  few  cubic 
ana 
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oentimeLree  of  acetic  &ci(l,  whioli  ooagulstce  the  coaeiii  and  fultj 
matter.  It  is  fUlprc^,  nii'1  some  cabio  ccatimetm  of  s  solotioc  of 
Metate  of  kud  is  uldcd,  wLicli  precipitates  the  albumiooua  enb- 
BtaoeM,  thus  furnishinj;  a  |H)rf«ctljr  limpid  liquid  after  61t«rinjt. 
The  rotatory  pover  a'  «  this  liquid  in  the  tobe  of  0.3  m.  in  lengt^^ 
beiog  ascertained,  the  proportion  z  of  sugar  contained  in  it  is  tlifd^J 
given  hy  tlio  proportion 

in  whicb  x  does  not  represent  exactly  tte  proportion  of  sugar  exist- 
iag  in  100  cubic  centimetres  of  milk,  bccauee,  before  sabjectinj!  tbe 
liquor  to  optical  examination,  several  liquids  irerc  added  to  the  milk, 
while,  if  the  quantity  of  the  liquids  added  be  exactly  known,  a  cor 
rection  can  be  madt-  which  fnmishcii  ibc  exact  proportion  of  sn^ 
in  the  milk  subjected  to  analysis. 

The  casein  is  ascertained  diifercntiatly. 

§  1701.  The  richness  of  Tarious  kinds  of  milk  in  fatty  mattcn 
may  be  ascertained  by  a  very  t>implc  experiment  with  a  small  to- 
Btrument  called  a  lactotcojfe  :  the  experiment  being  fonnded  on  the 
fact  that  the  degree  of  opacity  of  Tarious  kiadj  of  milk,  reduced  le 
the  same  den<(ily,  is  very  nearly  in  proportion  to  the  quantity  of 
fatty  matter  they  contain  in  sospcnrion.    The  loeto&eope  is  a  speeiM 
of  small  opcra-eliiis,  formed  by  two  piano  classes,  which  may  b« 
gradually  brought  into  contact  and  separated  by  means  of  a  rerj 
fine  screw,  the  »«p«ration  of  the  glasses  being  shown  by  a  circi 
graduatjon  markeu  on  their  rims.    A  sniall  funnel  at  the  upper 
serves  for  tbc  introduction  of  the  milk  between  tbc  fflnssen,  wbila 
the  other  side  is  thv  handle  of  the  appnmliis.     Whoti  tbe  gl 
arc  in  contact  and  the  division  marks  0,  the  milk  ts  poured  ii 
the  funnel,  the  glasses  being  separated  by  turning   tne   mon 
moontine,  while  the  milk  fulla  between  the  gladsee.     The  expe: 
menter  then  stands  before  a  candle  at  the  distance  of  about  1  met: 
and  baring  brought  the  glasses  together  until  the  flame  bi 
distinctly  visible,  he  gradually  separates  them  un  til  the  exact  ii 
at  which  the  flame  ceases  to  be  vifible-     The  relative  ricli! 
fatty  matters  of  various  samples  of  milk  is  given  with 
acciirocy  by  the  degrees  of  fleporation  of  the  glsmcs  at  the 
of  the  (usappearance  of  the  flame. 

The  mineral  salts  contained  in  1000  parts  of  eow'a  milk  ba 
been  found  to  coneiet  of 

?hoephat«  of  Umd 1.805 

"  magneeia 0.170 

"  iron 0.0S2 

•'  eoda 0.225 

Chloride  of  sodium 1.850 

Carbonate  of  soda 0.115 


_k. 


LAcint.  TBI 

Tito  RDaljrsos  made  of  various  kinds  of  milk  have  romished,  as  an 
average,  tlie  roUowiiig  compusitioas : 

Cmt.  Am.  OmL         Mm^        Hkfc.       B<wn. 

Water 87.4  90.6  82.0  89.6  66.S  88.3 

Batter 4.0  1.4  4.5  trace  14.8  2.6 

Sagor  of   milk   and 

Bulublesalw 5.0  6.4  4.5  8.7  2.9  4.9 

Ca«cin,  albumeo,  and 

insoluble  salts 3.6  1.7  9.0  1.7  16.0  8.9 

100.0  100.0  100.0  100.0  100.0  100.0 

}  1702.  The  first  milk  furnisbcd  by  the  roammro  after  delivery  is 
called  eologtram,  aud  diRers  greatly  in  appeuraiico  from  the  milk 
which  flow3  aome  days  subsequently,  being  less  fluid,  exhibiting  the 
coDBistence  of  aorum,  .ind  snowing  a  yellowish  colour,  whllf  the 
microjieope  detects  in  it  glohalm  of  fat,  mnous,  and  irregularly 
afanpod  granoles.  To  the  coloatrum  are  attributed  purgative  pro- 
perticK,  which  free  the  oliitd  from  the  mccotiiani  collected  in  its  in- 
testiaes. 


Sugar  of  Milk  C«n„0„. 

S  1703.  Sugar  of  milk,  or  iarttn,  ta  extracted  by  pouring  Into 
milk  an  acid  which  causes  the  coagulation  of  the  causcin,  ana  then 
filtering  aod  evaporating  the  liquid  to  tlio  proper  degree  of  coucen- 
tratiOQ,  when  the  latter  gradually  dcpoaita  sugar  of  milk,  which 
forms  aeroi'Cransparent  and  very  haril  crusts  on  the  sides  of  the 
vessel.  Sugar  of  milk  is  chiefly  prepared  in  Switierland,  where 
the  fluid.')  which  remain  after  the  reparation  of  the  butter  and 
casein  are  likewise  used  in  making  Gruy^re  chDOse. 

The  taste  of  sugar  of  milk  is  sweet  and  agreeable,  and  milk  owea 
itji  sweetness  to  it.  It  rotates  toward  the  right.  Ucated  to  248^, 
it  loses  2  equiv.  of  water  without  melting,  while  at  300°  it  loees 
3  eqiiir.,  and  3ta  compoeition  is  then  represetitcd  by  the  formula 
U„Ui,0,„  which  is  alfio  the  case  when  it  is  combined  with  oxide  of 
lead.  Sugar  of  milk  disxolvea  in  6  parts  of  cold,  aud  2  parts  of 
boiling  water,  but  is  insoluble  in  alcohol  and  ether.  Dilute  acids 
convert  it  into  glucose ;  white  nitric  acid,  when  heated  with  it,  yields 
oxalic  and  macie  acids,  the  production  of  which  latter  distinguishes 
sugar  of  milk  from  the  other  sugars  wc  have  doaeribcd.  Sugar  of 
milk  undergoes  alcoholic,  lactic,  or  butyric  fermontation,  according 
to  the  nuttiro  of  the  ferment  and  the  circumstuuccs  in  which  it  is 
placed ;  the  casein  and  albuminous  sub«inncos  producing  these 
various  fermentations.  If  fresh  milk  be  luaiutaiuud  at  a  tempera- 
ture of  104°,  sugar  of  milk  undergoes  alcoholic  fermentation,  while 
if  the  milk  be  previously  « xpoaed  to  the  air  for  some  time,  the  caaein 
is  changed  and  produces   lactic  fermentation.     It  should  be  rc> 
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inurkctt  th&t  the  clemratsrj  compositloa 
ia  the  Bsme  as  that  of  engttr  of  milk ;  an 
pwed,  that  in  lactic  rermcDUtion 
isoouric  modification. 


th^l 


Cateirt,or  Gxmi 

5  1704.  In  order  to  separate  casein  tn 
of  sulphuric  acid  in  added,  which  forms  a 
caseiD,  precipitatml  in  clots,  and  ratrryins 
of  the  butjTOUH  tnattor.  The  precipitate 
wnJiod  with  distilled  water,  and  then  tre 
boDat«  of  eodn,  wblch  diseolvc^  the  cascov 
and  cloudy  liquor.  If  this  be  kept  for  a 
of  68°  or  77°,  tho  fitttj  Buhatanco  forms ; 
inferior  luiueoiis  liquid  beio^  drawn  off  ' 
aad  addci)  which  again  precipiintcs  the 
with  water  to  remove  tJie  eulpliurio  acid,  il 
is  dissolvt^d,  which  must  be  priM*ipitated  ai 
the  acid  liquid  with  cnrbuiiutc  of  soda.  1 
filter,  washed  n-ith  distilled  water,  and  th 
alcohol  a&d  ether,  which  dissohe  the  balai 
The  casein  is  then  considered  as  pure,  alt 
racter  bj  which  it  may  be  ascertaioed  to 

Casein  is  a  white  Bnb»tanc«,  resembling 
bat  pulverulent  albumen.  It  is  inodord 
water,  alcohol,  and  elhcr,  and  always  red 
difficult  to  decide  if  this  reaction  be  pect 
alkaline  liquids,  from  which  acid.-^  preclpi 
acids  precipitate  it  from  milk,  wbilu  the  p 
pound  of  casein  with  the  acid,  is  rcdisa 
latter  acid.  The  sulphuric  and  chloroh; 
soluble,  and  when  they  are  decomposed  I 
or  by  that  of  lime  or  baryta,  the  casein,  d 
a  portion  of  the  base. 

JKimwfaWBf <  of  B% 

S1705.  Butter  which  is  merely  the 
globules  of  milk,  is  obtained  from  the  < 
surface  of  this  fluid  when  it  is  allowei 
poured  into  machines  called  cAumc,  tb 
different  conntncs;  one  of  the  best  he, 
intamalty  a  dasher  revolving  on  an  axi] 
turned,  when  the  Huiall  fatty  globules  ol 
othrr,  otid  furm,  after  some  time,  grains 
from  tho  watery  0uid,  or  btUterm^k,  oont 
milk,  and  other  soluble  principle 


OASBiy. 
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tid  romoTed,  utl  replicod  by  a  covcrins  of  thia  luuelin  strctclicd 
over  Trire-gauze.  After  churning  slowljr  for  assort  time,  uoarly 
all  the  buttermilk  flows  out,  and  fresb  irater  being  ■■ubatiiatC'cl  for 
it,  ibc  cbiim  is  ngnin  set  in  motion;  which  witsliinga  arc  rt-pcalcd 
until  the  water  comes  out  perfectly  clear,  when  th«  butter  is  retDOVcd 
from  tho  chum.  Pure  butter  mivy  be  considered  aa  a  mixture  of 
mar^arin,  olein,  and  email  quantities  of  butyrin,  caprin,  and 
coproin . 

Tbf  excellence  of  butter  depend*  not  only  on  the  quality  of  the 
milk,  but  also  on  it^  manufactarn,  ^nc6  it  is  c$««ntial  to  um  frc«h 
cream,  wliieh  can  only  be  done  on  large  fu^s,  for  in  mmall  onen  it 
is  necessary  to  save  tlic  cream  of  eCTcral  doys  to  have  enough  for  & 
churning.  Butter  will  keep  longer  wlien  well  freed  from  butter- 
milk, since  the  cnseoiu  and  albuminous  principles  of  tho  lattfir 
change  £rst,  and  produce  acid  fermentations,  which  separate  the 
butyric  acid  and  other  vnlnCilo  acids,  imparting  to  the  butter  a  dua- 
grccahle,  rancid  ta»le.  Tho  decompoiiition  of  theae  sabetancM  ts 
prevented  by  the  addition  of  chloride  of  sodium,  or  by  taking  tit 
lutta; 

Manufacture  of  Oheete. 

§1706.  ChecM  is  a  mijctme,  in  different  proportions,  of  coaga- 
latod  cjiseons  matter  and  butter,  and  i»  generally  prepared  from 
skimmed  milk,  which  has  consequently  lost  tho  greater  part  of  its 
fatty  substunccs.  \\Ticii  Bufficieully  comprcsBcJ  it  is  hard,  trans- 
lucent, yellowish,  and  pf>ssessing  a  greasy  lustre,  due  to  the  butter  it 
contains,  and  wliich  may  ho  easdy  aeparutt-d  from  it  by  ether.  The 
caseous  matter  separates  in  the  form  of  cheese,  when  milk  is  left 
for  fiome  time,  and  at  a  slightly  etcrated  temperature,  in  contact 
with  the  mucous  membrane  of  the  stomach  of  young  calves,  called 
rennet.  The  active  principle  of  the  rennet  ia  called  chymotitt,  but 
it  has  not  yet  been  iMotatcd  with  certainty,  and  nothing  accurate  ts 
Icnown  concerning  its  maciDcr  of  action.  By  maintaining  the  tem- 
perature at  77'  or  88",  the  ra«cuuB  matter  sets  into  mass,  which  is 
constantly  agitated  for  Home  time  until  it  becomes  sufficiently  solid; 
after  whinh  it  is  placed  on  a  cloth,  in  n  mould,  and  allowed  to  druin. 
If  a  hard  chei'se,  and  one  thai  will  keep  fur  a  long  ttniL'  is  desired, 
the  snbetancc  i«  prcwscd  in  the  mould,  bo  a^  to  drive  out  tho  "rcoter 
portion  of  tho  liquid.  The  cheeses  are  then  laid  on  boards  in  a 
room,  and  left  there  for  eomc  time,  thoir  sorfaco  bdug  frequently 
sprinkled  \t-itb  common  salt. 

The  various  Idods  of  cheese  depend  on  tho  oaturt  of  the  tnilk 

I  used  in  thoir  manufacture,  the  proportion  of  cream  left  in  it,  and 
lastly,  on  the  method  employed  for  its  mnnufoctOM. 
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ESCUETJONS  OP  THE  AXIMAL  ECONOMY. 

§  1707.  A  great  number  of  prodncts,  which  have  escaped  a«ii 
latioa*  are  r«ject«d  from  the  1>odT  of  Oio  uiimat.  The  vatcrV 
existed  la  tho  food  or  drinks  or  that  which  waa  formed  hy  the 
mical  ronctionB  which  take  pliuM  in  the  animal  economy,  are  ex- 
pelled, cither  in  the  arine,^  or  m  the  eicrcment  or  fiecet  of  the 
intPBtinal  canal,  or  by  perspirfttion,  or  laatlv,  id  the  atato  of  rapour, 
Willi  the  heated  ^les  whidi  escape  from  ^e  atr-pusagCB  in  ' 
of  respiration,  xhe  arino  containa  solid  suhatanccs  in  K 
which  arise  from  the  Tarious  chemical  reactions  effected  !>y' 
action ;  whih;  the  excrements  of  the  inte5tinid  caoni  are  compt 
of  insoluble  substances  and  Ktib9ta.nce8  in  eolution  in  water.  L 
gascO)  coUl-J  intetimaly  frcqacntlj  escape  from  the  intestinal 
which  are  formed  in  tho  cfaemteul  reactions  eosiiiog  iu  the  stoaMcfij 
and  intoetincs. 
Wo  shall  sticceasivriy  deterihe, 

1st.  The  urine  of  animals. 

2il,  Tlie  oxcremeiiU,  or  f«oe8. 

dd.  The  intestinal  gasa. 

4th.  The  Bweat, 

.5th.  The  caseoQs  prodocts  f<^rmed  bj  the  act  of  respiratkn. 

The  latter  proauct^  having  already  been  described,  the  first  (on 

onlj  will  occupy  our  attention. 

URIXB. 

§1708.  The  urine  is  formed  from  the  blood,  bj  M 
this  fluid  in  tht:  kidnevH;  nnd  ii9  composition  Tiuies  In  ^ 
animals,  the  diffcrcneo  depending  chiefiy  on  the  food.     In  the 
nirorous  miunmifcr»,  the  urine  contnms,  in  addition  to  tnir 
salts,  albuminous  and  mueilaginotta  matter,  and  two  substanctf 
which  wo  ha\e  not  yet  spoken,  urra  and  urt'c  acid.     L'r«?a  ofti 
constitutes,  of  iteelf  alotiu,  mure  than  one-half  of  the  solid 
standee.     The  uriuc  of  herbivorous  animals  contaitis  much  less  ure 
whiti"  ita  place  is  uccu|)ied  by  a  vunsiderable  quantity  of  a  peeoUi 
acid,  called  kippurie.    The  urine  of  all  the  mammi'fenu  in  a . '  ' 
of  inanidoD  Is  similar,  and  re»emblea  that  of  animabi  Fed  on 
which  misbt  be  expected,  since  the  life  of  an  animal  in  a 
inanition  i$  supported  at  tho  c-iipciise  of  its  own  substance, 
and  fishes  have  no  particular  apparatus  for  the  escape  of  the  orioc 
wliich  is  voided  with  their  cxcn^ment.     The  urine  of  the  balra 
of  frogs  forexftmple,iBTery  liquid,  andcontainsonly  atrace  of  i 
while  that  of  reptiles  is  nearly  eolid,  and  is  chiefly  composed  of  i 
aeid. 

The  quantity  of  urine  voided  by  the  some  mnmmiferous  antmi 
Taries  with  its  food,  and  eren  changes  villi  the  same  food,  neeer' 
iHf  to  the  8urr(rundiiig  tcmp<-ralurc.  a  condition  of  repoac  or 
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tion,  luid  tho  pnthologieiLl  stato  of  the  subject.  The  volume  of  urine 
evacualfid  is  in  iovuno  proportion  to  tbo  pentinnition:  chuit,  all 
othor  things  being  equnl,  tho  urino  id  more  oopious  in  winter  than 
in  Hummer,  iwad  in  com  more  so  than  in  lot  climatM.  The  chemi- 
cal composition  of  arino  is  not  less  variablo  in  the  eaine  individual, 
tluit  formed  during  dipestion  being  alwaja  more  rich  in  nrca-  On 
ID  average,  an  ad»It  iniin  fonnfi,  iu  24  hours,  30  to  40  gm.  of  ureB, 
which  are  evacuated  with  tho  urine. 

We  »ha1l  describe,  with  some  minutcnesSf  the  principal  organic 
substances  found  in  the  urine  of  unimals,  these  Bubstaaccs  being 
interesting,  not  only  to  the  physiologist,  but  aU»  to  the  chemist, 
sine*  they  as^st  in  the  production  of  many  curious  niotaniOTpho9c». 

Urea  CjH.N,0,. 

§  1709.  Urea  ia  obtained  by  evaporating  fresh  urine  until  it  is 
reduced  to  fg  of  its  volume,  allowing  it  to  cool,  and  gradually  adding 
nitric  entirely  frco  from  nitrous  acid,  until  no  moro  precipitato  is  el- 
ected; when  the  ur«a  thus  forma  a  compound  with  the  acid,  nitrate 
of  urea,  which  is  very  elightly  soluble  when  cold,  and  ia  deposited  in 
small  coloured  cryMtaJa.  They  are  collected  on  a  filter,  washed  with 
a  small  (juantity  of  cold  water,  and,  after  being  cxpreeted  between 
blotting-paptT,  arc  redisiiolved  in  bulling  watiT,  and  the  lifiuid 
boiled,  for  a  few  moments,  with  animal  charcoal,  deprived  of  its 
calcareous  salts  by  cblorobydric  acid;  when  the  salt  is  again  al- 
lowed to  crystalliw,  by  cooling.  The  nitrate  of  urea  ia  obtained 
perfectly  pure  after  several  cryatallizutions,  and  is  then  decomposed 
by  carbonate  of  baryta,  which  sets  tho  urea  free,  and  with  the  nitrate 
of  barj'ta  fimt  ft^rmed  remaitis  in  the  litjuid.  The  latter  ia  evapo- 
rated to  dryness,  and  the  residue  treated  with  boiling  alcohol,  which 
dissolves  the  urcu  alone,  depositing  it  agaia  oa  cooUug,  or  by  evu- 
poratiou,  in  long  prismatic  crystals. 

Urea  may  also  do  artificially  produced  by  combining  cyaaioacid 
CjN0,nO  with  ammonia  Nil,;  the  composition  of  cyanato  of  am- 
monia (NIlj,IK>),CjNO  being  identical  with  that  of  urea  CiH^NjO^ 
and  bemg,  when  left  in  water,  immediately  converted  into  its  iso- 
veric  ftulwtancp,  ureo.     The  following  process,  founded  on  the  above, 
furnishes  the  means  of  obt.i.ining  birgo  quantities  of  very  pure  urea : 
Cyanate  of  potas,<!a  is  first  formed,  by  heating  to  a  nascent  red-heat, 
ID  a  retort,  a  mixture  of  28  parts  of  dried  prussiate  of  potash  and 
14  of  binoxide  of  manganese,  (§  1504;)  after  wliicli  it  is  dissolved  in 
water,  treated  with  sidphate  of  ammonia,  evaporated  to  dryncM, 
and  agnin  treated  with  ulcuhol,  which  dissolves  tb«  cyanate  of  am- 
■         monia  converted  into  UTea,  and  leaves  sulphate  of  potassa.     Hie 
H    alcoholic  linuor,  when  evaporated,  yields  beautiful  crjatala  of  urea. 
^^         Urea  is  a  colourless,  inodorous  eubstance,  of  a  frosh  taste,  very 
soluble  in  water,  less  so  in  alcohol,  and  almost  insolublo  ia  etber. 
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rl  nambei'  of  ncids,  ami  forms  cr^sullizablo  s&lts  which  exhibit 
•tunc  rulvfl  of  compofiition  as  the  orKOJiic  alkalies.     There  ia, 
however,  this  dilTeronce  hetwwn  urea  ana  th«  alksloids,  tliat  it  does 
not  oombiDO  indiscrinuaatclr  with  all  the  acidd:  thus,  it  foniu  no 
compound  with  lactic  »cid,  (ue  acid  properties  of  vhich  &n>,  nerer- 
theless,  veil  mnrked.     It  mehs)  at  1248°  without  chnnj;c,  being  att 
liighc-r  U'tuporaturc  decomposed  into  unmonis,  nliich  is  disengaged, 
Aiid  into  cyanuric  acid,  which  remains  in  the  retort;  and  if  ^  ^^^ 
further  heated,  the  cyanoric  add  is  ctmrertcd  into  its  isomeric  m^^l 
dification,  cTouc  acid,  which  passes  over  in  distillation.     The  m^^^ 
b  in  Uiia  way  separated  into  ammonia  Kiln  and  into  cyanic  acid 
C,NO,HO;  and  if  these  protlacts  are  united  in  water,  they 
form  urea.     A  certain  quontitj  of  urea  ia  always  formed  in 
neck  of  the  retort,  because  the  cyanic  acid,  at  the  moment  of  dUt 
lation,  meets  with  the  ammoma  evolved  during  the  first  period  i 
it<  decomposition. 

Urea  combines  with  several  metallic  oxidc<,  particularly  with 
oxide  of  lead,  which  it  disaalvcs ;  and  it  abo  funiiH  dcSnitc  and  cryBt 
Utable  compounds  with  chloride  of  sodiiun,  ehlorohydrate  of  ammd 
nitt,  corroaivo  sublimate,  nitrate  of  silver,  aud  other  substances. 
Uyuouitrit.'  aeiil  soon  destroys  urea,  by  decomposing  it  into  eurbonic 
acid  mid  nitrogen,  iiud  mowt  chlorine  produces  the  same  vQ'ccL 

Nitrate  of  mercury  dissolved  in  nitric  nctd  likewise  decompOM* 
urea,  at  the  boiling  point,  into  eurboaic  acid  and  nitrogen ;  Dad  as 
the  other  components  of  urine  do  not  disengage  carbonic  acid  ando' 
the  same  circumstances,  this  reaction  may  bo  u£cd  for  oecert 
very  exactly  the  quantity  of  urea  in  a  sample  of  urine,  by  collet 
the  c&rbonie  acid  in  a  weighed  hulhopparattts  containing  a  conco 
tratcd  solution  of  caujstic  potMsa;  the  increase  of  weight  of 
npparatiig,  multiplied  by  the  number  1.371,  giving  the  weight  of  ■ 
urea. 

A  solution  of  mrca,  hented  to  2S4°  in  a  glass  tuhe  hermetic 
closed,  is  converted  into  carbonate  of  ammonia,  by  taking  up 
elements  of  4  e(iuiv.  of  water: 

c,n,N,o,+4no=2[(Nii^no),coj. 

A  prolonged  ebullition  with  the  caustic  alkalies  or  minerul  aeiils 
cflccts  the  samu  dccompoailioD,  nliich  also  onsues  in  urea  dissolve^^ 
in  Drine,  when  the  latter  is  loft  to  rest  for  several  days;  the  alb^H 
minooB  substtinoea  contained  in  it  exerting  a  special  kind  of  fc^^L 
mentation  on  the  urea.     In  eonsequeuee  of  this  dooomposition,  pu- 
treSed  urine  is  liighly  ammouiucnl. 

titrate  of  urea  is  formed  by  the  direct  combination  of  urea  with 
nitric  acid,  and  we  have  mentioned  that  it  is  precipitated  in  the  farm 
of  scnall  crystals  when  nitric  acid  is  poured  into  a  concentrated 
Aolution  of  urea.    If  heat  be  applied,  the  nitrate  of  urea  crystalliiM 
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on  cooling  in  beautiful  erj-BtalB,  of  the  formula  (CjH,N,0„HO),NOj, 
and  which  diflsolvc  in  10  ttm«s  their  weight  of  cold  Tratcr. 

Oxatate  of  urea  is  stilt  less  soluble  in  cold  wat«r  than  the  mtrate, 

and  its  formula  is  (C,H.N,0,.UO),C,0,: 

Urea  abflorb*  imnicdiatelv  chlorohydr!c  acid  gu,  nod  is  converted 
into  the  ehlorohyirate  C,H^N,Oj,HCl,  which  is  Tcry  soluble  in  iriit«r. 

Uric  Acid  C  JI^jO,. 

§  1710.  Healtliy  luimtiti  orine  generally  contains  1  part  of  nric 
acid  for  every  30  parts  of  uroa ;  which  quantity  may  rary  according 
to  the  food.  Uric  acid  beinf;  very  slightly  soluble  in  water,  is  often  de- 
posited iluring  the  cooling  of  urine,  in  tho  form  of  small  granular  crys- 
tals, senerally  of  a  red  colour.  The  excrement  of  binLi  and  scrpente 
contains  very  considerable  quantities  of  it;  and  guano,*  which  has 
been  used  during;  tho  last  few  years  as  a  raanure,  and  is  merely  the 
excrement  of  sea-birds,  contains  a  largp  proportion  of  uric  acid. 

In  the  laboratory,  uric  acid  ia  generally  obtained  from  the  excre- 
ment of  the  boa  serpent.  The  powdered  excrement  being  heated 
with  a  solution  of  potasaa,  wliicli  difisolvea  the  uric  acid  and  some 
other  substances,  thi-  liquiil  is  filtered  and  an  excess  of  cblorohydric 
acid  added,  when  llio  uric  acid  is  almost  wholly  precipiiatwd,  ainco 
it  TCi^uires  about  1000  ports  of  water  for  solution.  Tho  acid  is 
purified  by  dissolving  it  several  times  in  alkalies  and  precipitating 
It  by  chlorohydric  acid. 

Pure  uric  acid  forms  small  crystalline  lamaUffl,  white,  soft  to  tlic 
touch,  iuodoroufi,  and  tasteless :  it  feebly  roddoQS  litmus,  and  com- 
bines with  all  bases,  the  alkaline  urates  alone  being  soluble.  Tho 
acid  is  insoluble  in  alcohol  and  ether. 

§  1711.  Oxidizing  reagents  decompose  uric  acid  in  a  very  remark* 
able  manner,  producing  many  new  substances,  of  which  we  can  hore 
only  give  a  superficial  description. 

By  heating  water  containing  nric  acid  in  suspension  with  bin- 
oxide  of  lead,  the  uric  acid  dissolves  with  a  copious  evolution  of  car- 

*  Unnicn  giT«a  tli«  foUotrisj  as  tlio  brtcnige  oompoiition  of  the  finer  qualitiM 
of  guano: 

Urnla  of  nminaeua _ 9.0 

Oxalata  of  ammoiiU.. „ 10.6 

OzalaU  of  Uma „.. ..„ 7.0^ 

Pboipbalo  of  ammoDih. B.D 

Double  [iLuBpLuU  of  nugneaitt  kad  unnioiua.. ..........     3.6 

8ulplt&tv  of  pglaisil. ,.,. 6.6 

8ul(.h»W  of  soJa 8.8 

Chluroli^rBl*  of  Mnmonia „. . 4.2 

PhuphiUa  of  liiii*_ _.„ ..„„..__ 14.S 

Cl&7udsuid. 1.7 

ITaicr  ftod  nndfttonuiaablQ  oi^dIo  ■nbstancta 86.8 

Tlie  T«EaU  is  caloalatol  rroin  nnrafTDUi  u]Klj>iM  of  dlSarrat  kiad*  oT  |HUb 
iHB(t«  bj  varioua  oliemitU.'—  T.  L.  F. 
VoiM  IL-^  0 
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bonic  acid,  and  the  liquid  deposits,  on  ot 
C,H^,Ou  vhicli  has  ftlready  b««i)  fonod 
oow,  aod  uamcd  allantoln.  It  cryst&llU 
more  solubl?  iti  tioUtng  tbsn  in  cold  wtt 
nitric  ituid,  it  yields  n  considerable  quantii 
it  fonns  cliloroliydrata  of  urea  with  chll 
acid  C„,II,X,0^  cuJIcd  aUanturic,  bciiig 
both  cuses,  which  ia  also  produced  vfaon 
boiled  with  water  and  binoxide  of  lead. 

If  uric  acid  bo  heated  with  4  times  it 
tk«  dcD£it^  l.'i,  the  former  duiaolvos  in 
liquid  dcpo^i  Ls,  on  cxKitiog ,  a  cryfttslUzed  sd 
which  r«adon$  litmus.  This  substnncc,  tr« 
is  oonr^rtcd  int<^  an  acid  C,IINO,,  ciille 
lixca  in  uciculic,  iiml  forniH  porfecciy  woll 
&QUIC  of  barjtn,  which  may  be  dircctlj  pe 
a  mixtarc  of  alloxaii  and  an  excess  of  ba 
boiling  point  into  carbonate  of  barytsk  i 
metoxalate  of  haryla  2BttO,C,0.,  from 
ma;  be  separated  by  eulpliaric  acid.  H 
mesoxaJic  acid  is  CjO^jilllO ;  its  2  equiva 
aod  the  u)h3'dron3  acid,  as  it  exists  is 
carbon  itnd  oxjacn. 

Alloxanic  acid  nlone,  when  boiled  for  a 
off  carbonic  acid,  and  is  scpurated  into  two . 
Cfi^fi.,  nliich  is  almost  whollv  prcd 
crjstuJs  during  the  cooling  of  the  liquid; 
noQtral  substance,  highly  solublo  in  watei 
alcohol,  and  jicldiug  alloxan  when  troate 

Lastly,  when  a  solullou  of  alloxan  is 
ammonia,  a  yellow  nitrogenous  acid  is  f< 
acid  Cfjlj<^fi,„  almost  insoluble  in  col( 
in  b  oiling  water.    It  forms  yellow  salts  i 

We  hare  shown  that  by  heating  uric  ai 
of  nitric  acid,  alloxan  CJI,NjO,ais  obtain 
oilric  acid  be  doubled,  and  the  action  pi 
be  heated  with  this  acid,  a  new  substance,  p^ 
is  formed,  which  remains  in  eolulion,  hut  I 
in  culoarleus  crj'stalliue  IuiqvUk.  Paral 
excess  of  ammonia  is  converted  into  ox 
which  is  itself,  by  continued  boUing  with  t 
acid  and  oxalate  of  orca. 

By  causing  snlphuroos  aeid  and  ammo 
alloxan,  a  now  acid  of  a  tcit  compHcatot 
calkd  thitmuric  acid  C,n^,0,.S,.  For  th 
actd  is  uddi'd  to  a  concculratod  atjueoui 
the  latter  ametls  of  the  acid ;  aHer  which  it 
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of  ommoDiiL,  cnnslic  ammonia  u  added,  and  tlie  whole  boiled,  wlien 
tlic  lliioiiumle  of  ammouiiii  Cr^-stalUzea  on  cooling.  By  noiiring 
acetitc  of  lead  into  a  solulion  of  this  salt,  tliioDurato  of  tvau  ia  pre< 
cipitutcd,  which,  when  decomposed  bj  sulf hyJric  actd,  yields  free 
tbionuric  acid,  cryatallizing  in  smaU  acicula;  which  redden  litmus. 

If  chlorohydric  acid  he  added  to  a  boiling  eolation  of  thionurat* 
of  aminoniti,  very  fine  silky  needles  of  a  new  subst&nce,  nramil 
CjHjNjOj,  are  depo«itod,  whicli,  though  very  Blightly  soluble  in  hot 
water,  and  almost  insoluble  in  cold  wnter,  dissolve  readily  in  am- 
monia. The  ammoniacu)  Kolittion  tamn  of  a  reddiHh.purpto  colour 
in  the  nir,  and  then  deposita  green  cmitalline  acicohe  of  a  mctallio 
lustre.     Nitric  aoid  converts  it  into  alloxa.n. 

By  adding  sulphuric  acid  to  a  solution  of  thiononite  of  ammonia, 
we  do  not  obtain  urami],  but  vramitie  acid  C,(lI,^NgO,j,  which  is 
deposited  by  evaporation  in  a  water-bath  in  the  form  of  priflmatic 
crystala  or  silky  aciculx,  much  more  soluble  in  hot  than  in  cold 
•water.     UramiJic  acid  forma  crystallizable  salts  with  baece. 

By  treating  uric  acid  with  an  uqucous  solution  of  chlorine,  or 
boiling  it  with  32  parts  of  water,  and  adding  nitric  aeid  bj  drops 
until  the  uric  acid  Ib  dissolved,  it  is  converted  into  a  neutral  sub- 
stance, alhxantin  C,UjNjO,^  which  is  depoeitcd  by  evaporation  of 
the  liniud  in  colourless  or  Btightly  yellowish  crystals,  tnniing  red  by 
contact  with  the  aJr  and  in  the  presence  of  ammonia,  and  assoming 
a  metallic  lustre.  Cxidizing  reagents  convert  alloxantin  into 
alloxan,  and  the  former  is  olno  obiiiiiied  by  treating  alloxan  with 
redadng  substances,  particularly  with  ^ulf  liydric  acid,  protochloride 
of  tin,  or  by  zinc  in  the  presence  of  chlorohydric  acid. 

When  alloxan  is  converted  into  alloxantin  by  sulf  hydric  acid,  the 
li(juit),  by  being  boiled,  still  maintaining  the  current  of  salfbydric 
as,  furnishes  a  new  acid,  dialuria  add  C,H^N,0„  which  is  deposited 
in  crystnla  on  cooling,  and  posseascB  active  acid  properties. 

The  majority  of  the  products  derived  from  uric  acid  produce,  in 
the  presence  of  ammonia,  a  neutral  suhatance,  murexid  CuU,NjO« 
remarkable  for  its  beautiful  rate  colour.  In  order  to  prepare  it 
readily,  1  part  of  alloxan  and  27  parts  of  alloxantin  arc  disaolrocl  in 
boiling  water,  and  when  the  liiiuiu  has  cooled  to  Hm",  carbonat«  of 
ammonia  is  added,  bat  not  in  exe«es.  Tho  liquid  then  depOBits 
crystals  of  nnirexid,  which  is  but  slightly  soluble  in  water,  while  it 
turns  it  of  an  intense  purple  colour.  Its  cryttato  are  rod  and  dis- 
play the  greenish  roflcclion  of  the  wings  of  tbo  Spanish  fly;  it  is 
insoluble  m  alcohol  and  ether. 

Morexid  in  dcconiposwl  by  the  alkalies  and  acids  into  sorcra! 
products,  among  which  may  be  distinguished  alloian,  alloxantin,  and 
a  new  cryistalline  substance,  murexan  C(H,N,0„  crystallijinff  in 
small  silky,  colourless  spanglea,  and  nearly  insoluble  in  water.  When 
cxpoecd  to  the  air  and  ammoniacal  vapours,  it  assomes  a  bejiodfiil 
red  colour,  and  is  converted  into  morexid;  exhibitiDg  aphenomcnon 
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ftoatogons  to  tb^t  of  colourlese  oroin,  which  under  the  same 
stances  ta  converted  into  coloared  oreeiti. 

On  cvit]>orBtiiig  rapidly  br  boiling  a  eolutioD  of  alloxantin  id 
cbloroh^dric  acJcI,  and  allowing  it  to  cool,  ihe  liquid  depoititjt 
tab  of  n  new  aad,  called  aBUurie  acid  C(lip-',0„1IO.      If  <Uli 
nitric  be  substituu-d  for  tlic  clilorohydric  acid,  and  the  Uqf 
treated  with  »ilfhytlric  acid  as  soon  m  the  alloxatitin  is  diasi 
aUosan  is  deposited;  and  when  the  liquid  is  decanted  and  nuxc 
vith  nitric  acid  it  deposits  an  ammoniiLcal  salt,  fonned  by  a  neT 
add,  called  tiiitturi:,  the  composition  of  vrhicb  Is  ns  jet  onicnova. 

$  lit  2.  Tlic  rapid  cnumorntiou  of  the  numerous  products  derivit' 
thus  far,  from  uric  acid,  proves  wry  clearly  the  cxtrcmo  mol 
of  certain  organic  molecular  groupiugi. 

ffippuric  Acid  C„U.NO„HO. 

§1713.  Ilippuric  acid  exists  in  the  urine  of  herbivorous  nt 
and  of  Toung  children.    It  'u  prepared  by  evaporating  the  fre 
oriDe  of  a  horse  to  i  of  its  volume,  and  adding  chlorobydric  acid  j 
Then  the  liquid,  on  being  left  to  itself,  deposits  coloured  cry^tale  < 
impure  liippuric  acid.     They  iltc  rcdi»)olved  in  boiling  water,  wh« 
the  liquid,  after  being  bleached  by  animal  charcoal,  uepoiiits  whit 
prismatic  crystals  of  very  pure  htppunc  ncid,  on  cooling.      Mippurial 
acid  is  much  more  Bolublu  in  hot  than  iu  cold  water,  and  dissolvt 
froely  in  alcohol,  but  is  almost  tnsolnble  in  ether;  and  it  formal 
with  bases,  salts  remarkable  for  their  beautiful  crTstalliiie  forn 
Under  many  circumstances,  titppuric  yields  benzoic  acid.     Wh 
heAtcd,  it  first  melts,  and  is  thvu  decomposed,  giving  rine  to  c^WiQ 
hjdric  acid,  and  a  copious  eublimation  of  benzoic  acid,  hcaidca 
venil  other  substances,  the  nature  of  which  is  not  yet  knovn. 

If  a  Bolution  of  hippuric  acid  bo  boiici  with  powerful  acids,  ll 
hippuric  acid  undergoes  a  very  remurkabti-  dccompositioQ,  alreadrl 
mentioned,  {§  1663,)  being  separalcd  into  glycoooll  and  beDioic  aeidt.] 

C„H„NO^HO+2nO=C„H,03,HO+C,H,NO„HO. 

Hippuric  aoid  also  fumuhejt  benzoic  ncid  when  it  h  treated  wit 
oxidieing  reagents,  as,  for  example,  hr  boiling  ita  aqueous  5olntic 
with  brown  oxide  of  lead,  or  with  sulphuric  acid  and  peroxide 
mangftuoee;    carbonic  acid  being  disengaged  at  the  same  time,) 
Benzoic  acid  is  ah)0  formed  when  it  is  heated  with  sulphuric  acid 
&t  a  tomporatiiro  exceeding  SMS". 

Lastly,  under  the  iiitlucncv  of  ccnnin  fermentit,  hippuric  add 
deeomposed,  and  yields  benzoic  acid.     These  ferments  naturvU] 
exist  in  the  urine  of  herbitorous  unimnls ;  and  if  the  urine  of 
horse  be  allowed  to  boeomo  putrid,  and  be  then  concentrated  b„ 
evaporation,  a  copious  crystaUjKntion  of  benzoic  acid  is  sepurauini 
This  furnishes  au  ceonomtea]  method  of  preparing  thin  acid,  whic 
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la  aho  frequcntW  found,  ready  formod,  though  in  small  quantitiu,  i 
in  the  urine  of  the  herbivors. 

Be«proca.l]j,  bontoic  acid  U  readily  converted,  in  the  aiumsl 
economy,  into  Iiipyinric  acid;  and,  after  eating  a  small  quantity  of 
benzoic  acid  mixod  with  our  food,  wo  shall  find  a  considerable  quan- 
tity of  hippiiric  arid  in  the  nrinc  arising  from  tho  digr&tion  of  this 
fuod.  Ili'altliy  lmma,n  urine  almost  always  contains  a  very  small 
quantity  of  hippuric  acid. 

ANALYSIS  OF  UMNE. 

$  1714.  The  substance.^  generally  looked  for  in  human  urine  are 
nrea,  uric  acid,  and  the  gaits  ;  tho  other  principlcB,  such  as  creatin, 
hippuric  acid,  and  albuminous  substances,  f^enerally  cxi^tini;  in  a 
rjuantity  too  Kinall  to  allow  of  thoir  accurnt*"  qu:intiutive  determi- 
nation. 

In  order  to  obtain  the  urea,  the  urine  is  evaporated  at  a  tow  tcm- 
peiaturo,  and  treated  with  alcohol,  which  dissolves  the  nrea,  to- 
gether with  o  email  r)Uiuitity  of  unknonn  matter,  while  the  uric 
acid,  nratcs,  and  mineral  ealts  remain  in  the  residue.  It  is  evapo- 
rated to  dryucaa  at  a  very  goatic  heat,  and  troateil  with  n  small 
qoantity  of  dilute  nitric  acid,  and  again  evaporated,  when  nitrate  of 
urea  remains  and  is  vreighcd.  It  i»,  however,  always  to  be  feared 
that  Dome  of  the  urea  iniiy  be  destruyeJ  durini^  the  evaporation, 
because  a  smaU  quantity  of  nitrous  acid  may  be  formed  by  the  reac- 
tion of  foreign  organic  matters  on  nitric  acid,  nnJ  we  have  shown 
(§1709)  that  nitrous  acid  readily  destroys  urea.  It  is  therefore 
mach  more  exact  tu  determine  tbe  urea  by  the  quantity  of  carbonic 
acid  which  is  evolved  when  a  known  weight  of  urine  is  decomposed 
by  a  mixed  solittioii  of  iiiLrute  and  nitrite  of  mercury.  (§  1701*.) 

The  uric  acid  is  separated  hy  pouring  chlorohydric  acid  on  the 
residue  of  urine  which  did  not  dissolve  in  the  alcohol,  and  treating 
It  with  a  sufficient  quantity  of  weak  alcohol,  when  the  mineral  ealta 
ore  wholly  diflnolrod,  while  the  uric  add  alone  remains,  and  is 
weighed  after  desiccation. 

The  mineral  salts  are  obtained  by  evaporating  another  portion 
of  uriiiL-  und  iucijicrating  tho  residue.  The  alteration  which  tho 
original  salts  may  have  undergone  by  roasting  must  ncceesurilj  bo 
taken  into  account. 

We  have  stud  that  urea  forma  more  than  one-half  of  tbe  residue 
after  the  evaporation  of  the  urine ;  and  as  this  substance  contains 
about  one-third  of  its  weight  of  nitrogen,  the  greater  portion  of  the 
nitrogen  of  the  food  will  bo  included  in  it.  Tho  proportion  of* 
urea  and  uric  acid  is  much  greater  when  animal  food  is  used  than 
when  the  subject  feeds  on  vegetables. 

§  1715.  In  variou.1  diseases  the  urine  u  greatly  changed,  and  ren- 
ders the  nbysiciaa  valuuble  assistance  in  tbe  diagnosis  of  ultera- 
tieoi)  wliicli  have  taken  place  in  the  economy.     In  a  peculiar  disease 
So2 
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called  diahetet  mtUUtu,  the  nrine  n  loaded  villi  a  coneidcnibte  qoui- 
lity  of  fermentable  sogur,  called  diabetic  sugar,  which  appears  to  U 
identical  with  glucose.  Persons  affected  with  this  dtscnsc  niSer 
confltantly  from  thiret,  drink  krgclj,  iintl  pass  coaaderable  quanti- 
ticis  of  iirinf.  Thu  et^r  is  separntcd  ly  evaporating  the  urioc  in  a 
watcr-b&lh,  and  Ircsting  the  rpsiduo  wilh  weak  alcohol,  which  dis- 
solves the  Bacctutrinc  matter.  The  liquid  '\a  bleached  by  onimai 
charcoal,  ooDcentmted  by  evaporation  to  tlte  coDStstCDce  ofayrtip, 
and  kept  for  a  Ions  time  at  a  low  tooaperatiirc ;  when  the  snear  ti 
deposited  in  the  i^apu  of  little  pyramids,  which  arc  vasbetTwith 
ohsolute  alcohol,  and  purified  ly  rccrjstalli nation. 

The  proportion  of  augur  iu  diabetic  uriue  may  be  ascertained  vc^y 
exactly  by  optical  experiments.    (Soc  note  to  page  478.) 

CALCULI  OF  Tlie  BLADDER. 

51716.  Concretions,  which  sometimes  attain  a  congiderablo  inA, 
Ate  frequently  found  iu  the  bladder,  and  are  called  urinary  or  ivn- 
cal  cihtdi.  They  arc  formed  of  very  ToriouB  snbst&neeA,  and  are 
divided  into, 

l9t.  Calculi  of  nric  acid,  which  are  the  most  common,  aod  an 
known  by  the  physical  and  chemical  properties  of  uric  acid,  partjco- 
Inrly  by  that  of  dmolving  in  nitric  acid,  and  prodaoing  a  rose  colour 
vhen  the  itolutioa  ia  evaporated  in  the  presence  of  ammonia. 

2d.  Catcali  of  arato  of  ammonia,  which  exhibit,  with  nitric  acid, 
the  name  pbcuoiDcnn  as  culculi  of  free  uric  acid,  bot  which  croh 
in  addition,  ammonia  vhon  they  are  heated  with  potassa. 

8d.  Calculi  of  phosphate  of  lime,  which  diseolve  readily  aod 
out  effervcBceuce  in  dilute  chlorohydric  add.    By  an  excess  of  m..,- 
oxide  of  iron  added  to  the  lii]aid,  nnJ  then  Bupersaturating  it  wtt 
perfectly  caustic  ammonia,  the  photiphoric  acid  b  completely  n 
cipitated,  in  combination  with  the  sesauioxide  of  iron,  (§  866,)  wl 
the  limo  remaining  in  solution  may  oe  precipitated  by  oxiuue 
a  111  tni  III  in. 

4tb.  Calculi  of  a  compound  pbonpbate  of  magnesia  and  ammo 
which  also  diBSolrea  reailily  in  dilute  chlorohydric  acid, 
having  precipitated  the  phosphoric  add  in  combination  with 
ges<iaioxide  of  iron,  ai  in  Uie  preceding  calculi,  carbonate  or  oi 
of  ammonia  is  added,  which  precipitate  the  lime,  if  a&y  be  pt 
while  the  mncncaia  remains  in  solution,  and  may  be  separated 
the  proeesses  indicated,  (§592.)    The  ammonia  is  separated  by  ^- 
ing  another  portion  of  the  calculus  with  hydratcd  potaooa. 
majority  of  nrinary  calculi  are  complicated,  being  compofied  of 
nucleus  of  uric  acid  of  greater  or  IcM  sixe,  around  which  arc  forme' 
concentric  concrctioas  of  phosphate  of  limo  and  phosphate  of 
ncaia  and  ammonia. 

5th.  Calculi  of  oxalate  of  lime,  called  also  muVmr^  > 
cause  their  rugose  and  Humiliated  aorfacc  resembles  ttiali; 
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Th«y  disBoIvo  vnth  difficulty  in  clilorohydrjc  acid,  but  rcudily  in 
cnni'^'ntratcd  nitric  ucIJ,  wlucb  converts  the  oxalic  into  cftrbomo 
ncid.  The  Umo  h  soparated  by  tho  processes  indicuted  §594. 
By  beating  these  calcuh  with  concentrated  sulpliurie  ucid,  a  gufivou^ 
iuflainmablc  mixture  of  curboiiic  ftcid  and  oxide  of  corbuu  ia  disen- 
goecd. 

ucti.  Calculi  of  cjjttin.  Those  calculi  are  Tory  rare,  and  are 
formed  by  a  sulphuretted  organiu  matter,  coaily  rucogiiittcd  by  its 
chemical  properties. 

Crstin  ia  obtained  in  a.  Bt4Lto  of  purity  by  dissohing  povdered 
cystic  calcnli  in  ammonia,  filtering  the  eolulion,  aud  tliea  eraporaV 
tug,  when  the  cy.'jtin  spparatoit  in  mnall  c-ryRtals,  which  do  not  retaJD 
tho  ammonia.  The  composition  of  cjstin  corresponds  to  the  formula 
C(HjNO,S^  and  it  is  a  colourlow,  crystalline,  inDdoroii.4  substance, 
innoluhle  in  water  and  in  alcohol,  but  diseolring  readily  in  ammonia. 
With  the  acliU  it  plays  the  part  of  a  weak  baac,  readily  dissolving 
tn  them,  without  forming  fixed  compounds. 

SWEAT. 

§1717.  Sweat  is  a  liquid  of  acid  reaction,  which  exudea  from 
particular  openings  in  the  ttlcln.  It  contains  some  unknown  animal 
Buhptancpi*,  and  8f>mc  mineral  salts,  among  which  hare  been  found 
chloride  of  sodium,  chlorobydrate  of  ammonia,  the  sutphatos  and 
pboepbates  of  potosaa  and  sodat  phosphate  of  lime,  and  tracea  (J 
oxide  of  iron. 

EXCRE^tESTS. 

§1718.  The  excrements  of  matnmiferous  a.nimntg  are  composed 
chiefly  of  animal  eubstancea  which  have  escaped  liquefaction  durtag 
their  pajMSge  through  the  stomach  and  intestines,  and  contain,  in 
addition,  fatty  matters,  and  several  soluble  and  insoluhlc  substances, 
the  nnturc  of  which  is  unknown.  In  the  newly-horn  infant,  the 
intestinal  eunal  contaitiB  a  brown  sub^tunco,  called  mefoniutn,  which 
thf  child  voidfl  during  the  ft-w  first  days  "f  e.ttru-utcriiie  life,  the 
excrcmcnls  soon  changing  when  it  is  fod  on  milk.  Meconium  eon- 
tains  a  coDsideruhlc  quantity  of  choledlcrin,  and  a  eubalonco  analo- 
gous to  casein  of  milk. 

Birds  void  their  excrement  and  urine  through  the  same  canal, 
and  they  oontain  a  largti  quantity  of  uric  acid,  besides  some  un- 
known substances. 

INTESTINAL  QA8E8. 

S  171&.  Ga««3  arc  always  evolved  during  digestion,  their  ooantily 
x'arying  with  the  food  nod  the  peculiar  eonstitation  of  the  inaividunl. 
The^e  guaes  arc  caaciitially  composed  of  nitrogen,  carbonic  ucid,  by- 
drogen,  carbureltcd  hydrogen,  and  freouently  of  a  small  ottantity 
of  sulfhydric  acid'.  The  proportions  of  the  gases  range  oetireen 
widely  extended  limits. 
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OP  THE  MANUPACTL'RE  OF  TH 
OF  OKGANIC  ORIGIN,  USED  IN  • 
TIC  ECONOMY. 

S  1720.  We  »hall  close  the  prM«n1 
the  m&tiufacture  of  the  principal  prod) 
are  aned  In  the  arts,  or  in  domoHtic  ea 
wsription,  dwell  onlj  on  the  general 
several  manufacturus,  iritliout  tuuchic 
which  is  foreijp  to  onr  euhject,  and  ' 
Bcription  of  which  would  exceed  oar  li 

MAMIFACrUBB  0] 

S 1721.  Bread  is  made  from  tbe^oa 
the  product  of  the  grinding  of  the  srai 
from  the  cortical  portions,  called  brat 
eidernhle  qanntitj  of  Ktarch  and  nutril 
subfitaoce  which  conalitutcs  the  onvcld 
of  difficult  digestion,  exists  in  the  prop 
tbia  proportion  varjing  nith  the  motb 

IVhcat-flour,  which  is  the  richest  in 
makiof*  brc»(),  althoiigh,  in  countries  t 
the  inhabitants  use  harky  cir  rye-flour, 
called  mftlin,  (nitjteil,)  whioh  is  oblaii 
A  lonall  quantity  of  ryc-t!our  is  often  i 
to  (ciTe  the  bread  more  flavour. 

The  fnlburine  ia  the  average  coinpo 
flonra  oooiiiiineu  in  France: 

CutnlMOiMircf 

"Water 10.0 

Dryeluten .11.0 

Suirch 71.0 , 

Glucose 4.7 i 

Dextrin 3.8 i 

Bran 0.0 

100.0 

§  1722.  The  various  processes  in  1 
flour  with  water,  kneading,  fcnnenlati 
loaves,  and  baking.  By  the  first,  the 
cued  with  water,  and  the  soluble  prii 
coao,  and  the  albuminous  principles, 
kneaded  merely  with  wat*T.  would  pi 
of  digMtion,  the  light  and  puffy  consifl 
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is  imp&rted  to  the  cninib  ttiroiigh  n  ferment  added  to  the  paste, 
vbioh  nets  on  the  dextTin  and  glaooM,  hy  cffocting  ulcoholic  fciv 
mentation.  The  gase»  which  are  tlisengaged  during  fermcntotion 
Bwell  thfl  paste,  to  whk-!i  the  gluten  gives  elasticity;  anci,  if  it  be 
Tell  madCf  all  tbe  small  gaseous  bubbles  remain  in  the  bread.  The 
ferment  is  generally  made  bjr  taking,  at  the  close  of  each  opera- 
tioD,  a  portion  of  the  pa»le,  and  setting  it  aside  for  some  time; 
vheti  it  is  called  leaven  or  riting.  In  large  cities,  or  wherever 
breweries  are  found,  a  small  quantity  of  bccr-yeast  is  added  to  tho 
rising  to  give  it  more  activity;  but  the  quantity  mofit  be  carefully 
reeiilated,  as  too  much  would  give  a  disagreeable  flavour  to  the  bread. 

Xlic  following  is  the  process  adopted  in  tbe  Tariit  balteries : — Tho 
leaven  being  left,  for  7  or  S  hours,  in  a  gvntle  and  unifonn  tem- 
perature,  swells  visibly  aud  disengagca  an  alcoholic  odour,  when  it 
coDStitutea  what  is  called  /ii'itd-gea*1,(ievam  do  chef.)  It  is  kneaded 
■with  A  quautity  of  water  and  flour  sufficient  to  double  its  volume, 
still  retuiniog  iho  con^istcDcc  of  a  firm  pasco,  and  is  again  allowed 
to  rest  for  6  hourft.  After  this  time,  when  the  paste  has  become 
ievairt  dt-  premierey  an  additional  <|uantity  of  water  and  6our  is 
added,  and  it  is  again  mixed,  the  proportion  of  water  being  greater 
tlian  in  the  previous  nperaiinn;  which  process  yields  levain  de 
tewndf-  Lastly,  a  similar  addition  is  made  to  the  levain  de  seeondo 
sis  w!u^  made  to  the  levain  de  premiere,  the  paste  being  carefully 
worked,  and  a  tevaiti  d<  tout  point$  obtained,  the  volume  of  which 
should  be,  in  winter,  nearly  one-half  of  that  of  the  dough  intended  for 
baking,  and  in  sumnicr  only  one-third.  A  certain  quantity  of  salt 
is  generally  added,  to  heighten  the  flavour  of  the  bread;  ^  kilog.  of 
Bail  being  used  for  every  150  kilog.  of  flour,  in  the  Paris  bakeries. 

The  dough  is  then  kneaded.  The  quantity  of  water  ucccasary 
for  the  formation  of  the  paste  being  fimt  added  to  the  rising,  it  19 
mixed  for  a  lone  time,  in  order  to  obtain  a  perfectly  homogeneous, 
fluid  paste,  to  which  the  flour  is  gradually  added,  and  which  is  then 
called  the  tponge.  "When  the  dough  has  been  sufficiently  worked, 
it  is  collected  into  a  single  mass,  then  again  thoroughly  worked  by 
turning  it  in  all  dlrcetiuua,  and  finally  let  fall  into  the  trough  witL 
its  whole  weight. 

The  kneading  being  terminated,  the  dough  is  divided  Into  fodiws, 
which  ar<;  weighed  tn  a/tccrtmn  if  they  reach  the  legal  ntandard,  ac- 
cording to  whieU  115  or  117  of  dough  should  give  100  of  baked 
bread.  They  are  then  duetcd  with  Hour  or  Indian  com  meal,  and 
phiced  on  tables  in  front  of  the  ovou,  to  keep  tliem  at  the  proper 
temperature ;  when  more  active  fermentation  ensuoa,  while  the  loaves 
graaually  swell,  until  iLey  have  attained  the  proper  aire  to  be  placed 
io  the  oven.  The  fermentation  must  not  be  too  much  proloDgc<I, 
because  it  might  degenerate  into  acclic  fermentation,  which  would 
liquefy  a  portion  of  tho  gluten,  and  thus  diminish  the  consisteocy 
of  the  dough. 
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The  oren  is  ^cnerftlly  of  iin  elliptical  form,  and  lioalcd  by  wood 
or  fagotfl  of  little  rnlue.  The  fuel  eboald  be  properly  du9tribut«<L 
iu  order  to  obtain  a  neorlj  uniform  temperature ;  and  bakers  remove 
about  30  to  35  p«r  cent,  of  the  fuel  in  the  state  of  hot  Molf. 
The  proper  tenipeniture  for  baiting  bread  is  about  570*. 

Xh«  lai^cet  loaveti  are  first  introoucod,  and  then  the  fimaUnt,  whidl 
are  placet!  in  the  front  part,  because  they  are  to  ho  first  withdrawn; 
and  ibe  door  is  then  closed.     The  lie«t  wUtcs  the  ga^s,  itrrc«t0 
fermentation,  vaporiies  a  portion  of  the  wnler,  and  gives  co 
ency  to  the  gluten  and  amylaccotis  matter,  vhich  retain  tlw 
tJicy  have  ajisamed.     The  inside  of  the  loaf,  or  erumbt  does  not 
attain  a  temperature  nboro  212°,  on  aeconnt  of  the  continaal  erola- 
lion  of  steam,  while  tlio  outer  portion,  or  erutt,  is  completely  dried, 
and  haa  becomo  torreSed  by  having  reached  a  temperature  of  about 
400^.     Round  loarcs  weighing  8  pounds  remain  about  60  miaut«6 
in  the  oren,  and  split  loavea  of  4  pounds  from  86  to  40  minuiw. 
When  rcmoTtd  from  the  otcd,  tfaey  are  laid  npright,  in  order 
they  may  not  break  before  having  acquured  all  their  coDsigl 
and  at  tome  distance  from  oaeh  other,  that  the  Tapoon  may 
(^more  eaaily. 

The  manufacture  of  bread  has  of  late  years  been  inach 
by  the  introduction  of  mechanical  kneading  and  acrothcrmal 
whicb  eflTcct  a  more  uniform  baking. 

BBSWIKO. 

5 1723.  Beer  is  an  alcoboUc  beverage,  made  from  the  amy 
substance  of  the  cercalia,  chiefly  from  barley,  the  price  of  which  it 
lowest.  The.  process  of  brewing  may  be  divided  into  four  dlNiinct 
fltagcs:  1.  The  nwWng,  of  which  the  object  ia  to  produce  in  the 
bnrley  the  principle  which  effccta  the  conversion  of  starch  into  del* 
trin  and  glucose,  and  which  esaentially  consists  in  causing  the  barley 
to  sprout  under  the  inSucnco  of  a  proper  temperature  and  degrte 
of  moisture,  diastase  being  formed  at  the  origin  of  the  sprouts,  and 
in  the  sacoccding  operation  converting  the  otarch  ttito  soluble  dcx* 
trin  and  glucose.  2.  The  preparation  of  the  wort,  (moQt,)  or  sac- 
charification  of  the  malt,  ^rhich  oonaista  in  treating  the  ^ound  dmI^ 
nith  water  at  a  suitable  temperature,  in  order  to  catue  the  diasfl^H 
to  act  on  the  starch  and  dissolre  the  dextrin  and  glucose  wU^fl 
rejnilt  from  this  acticm.  8.  The  boiling  with  hops,  which  cdobsu 
in  heating  the  wort  with  bops  in  order  to  give  it  a  peculiar  tastv  anil 
aroma.  4.  Fcnnentation,  which  consista  in  mixing  the  c«o)cd  wort 
with  a  ferment,  in  order  to  eSecc  the  conversion  of  glucoM  i&K 
alcohol.  ^1 

The  barley  in  first  placed  in  large  vats  of  mason<work,  widj^H 
timcB  its  volume  of  water,  being  stirred  frefjuentlT  to  expel  Q^ 
bubbles  of  air  between  the  graitis,  while  those  whicii  arise  on  the 
BDifMe,  being  generally  defective,  are  skimmed  off.     I'be  object  ef 
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this  process  is  cliieSy  to  exveM  the  grains,  in  order  that  they  tosy 
sprout  more  easilj ;  and  it  lasts  24  or  3^  hoars  in  Tiiiter,  auriag 
vhioh  time  the  water  is  renewed  3  ttmcii;  nhilc  in  summer  it  re- 
quires oalj  10  or  12  boars,  but  the  water  moat  be  renewed  4  or  5 

tUDM. 

The  b&rley  thus  swollcu  its  carried  to  the  m&l^hon«e,  a  kind  of 
care  or  cellar,  tbe  fluur  uf  which  munt  be  kept  scrupulously  cleaa  to 
avoid  all  injuriouB  formcntatione.  Ocrminalion  rcuaircs  the  assist- 
ance of  moisture,  air,  ami  u  tfmpcraiure  of  from  50°  to  G2°,  which 
conditions  are  most  readily  realiu'd  ia  spring  or  autumn;  whence 
tbe  name  of  March  heer  ia  givt-u  to  that  made  in  tbe  spriuK,  and  is 
considered  superior  to  that  mode  in  any  other  seasou.  lu  the  malt- 
house  the  barley  is  spre&d  in  a  layer  of  about  1)  fvot  in  depth,  and 
thus  left  nntil  it  becomes  heated ;  bat  when  it  begins  to  sprout,  the 
thickness  of  tlid  layer  is  reduced  to  1  foot,  oca  then  to  3  inchcD 
whoa  the  germination  approaches  the  proper  point.     It  is  also  fre- 

?ucntly  Rtirrcd  in  order  to  reuovr  the  uir  la.  the  interior  of  the  bijor. 
D  the  hot  season,  the  germination  b  terminated  in  10  or  12  days; 
while  it  requires  15  or  20  days  toward  the  close  of  autumn,  the 
sprout  haviiis  then  become  )  as  long  05  the  grain. 

When  the  barley  has  properly  sprouted,  it  is  dried  rapidly,  in  order 
to  arrest  the  loss  of  the  amylaceous  matter  which  would  ensue  from 
a  longer  ^uwtb  of  the  sprout  and  radicles.  The  diying  is  first 
mode  in  the  open  air,  by  spreading  the  grain  orcr  the  Boor  of  a 
vell«iz«d  n-snarr,  and  then  in  a  store  traversed  by  a  current  of 
hot  air,  and  called  a  malt-kUn.  Desiccation  renders  the  radicles  of 
the  barley  very  brittle,  but  they  are  easily  removed  by  sifting  them 
in  a  uiinttowing-Trtaehine  vt  fan.  The  sprouted  barley  thus  freed 
from  the  r:idtck-s  is  cxpo&cd  (or  some  time  to  tbe  atr,  when  it  imbibes 
a  small  (juantity  of  moifiturc,  which  facilitates  its  grinding.  This 
operation  i»  cITccti'd  betwevu  horizontal  stones,  kept  at  sucb  a  dis- 
tance from  each  other  that  iho  grain  is  broken  and  torn  without 
being  reduced  tu  ]!i>ar.  The  product  ia  mait^  which  is  etowcd  away 
for  futuro  use. 

§  1724.  The  socchsrification  of  the  malt  is  effected  in  large  woodoa 
vats,  ba\-ing  ft  double  bottom  pierced  with  holea,  intended  to  support 
the  iturlcy  and  facilitate  the  mtroductioQ  and  escape  of  the  liquid. 
In  the  ^pace  between  the  two  bottoms  ore  the  di8charging*tub«  aud 
one  which  conveys  hot  water.  When  the  malt  is  placed  in  the  vat, 
water  at  140^,  and  equal  in  weight  to  \\  timcn  that  of  the  malt,  is 
poured  in,  the  mixture  being  actively  stirred  with  a  kind  of  fork. 
It  is  then  allowed  to  rest  for  \  an  hour,  until  the  malt  is  thoroughly 
moistened,  when  water  at  196"  is  added  until  the  tomperaturo  of 
the  mixture  attains  167°,  which  is  the  most  favourable  for  saodw- 
rification ;  after  which  it  is  again  stirred,  tbe  vat  covered,  and  the 
reaction  allowed  to  continue  for  S  hours.     The  saccharine  fluid,  or 
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ttwf,  ia  tten  couTcyeJ  into  a  reflerroir,  and  tbenoo  into  the  boil« 
intended  Tor  th«  decoction  of  lopa. 

As  the  first  dif;c»tion  'with  irater  only  abatracls  5*001  the  malt  Oj 
of  tho  Mccharine  matter  it  can  fanmh,  an  ftdditionsl  qaantitr  ' 
water  u.t  176'*  ia  added,  oquil  to  one-half  of  that  used  in  the  " 
oporation,  and  ia  allowed  to  act  for  I  hour,  the  liinUd  produce*!  bi 
addi'd  to  thu  firat.    La«tl;,  the  malt  is  cxitatutcu  by  water  at  21£ 
and  a  liquid  obtained  which  ia  luwd  in  maJujig  emall-beer.     ~ 
exItsiuLod  mnlt*  is  uicd  aa  food  for  animals. 

Tho  wori  is  heated  to  ebullition  with  hops  in  boilers,  which  rot 
be  kept  oorcrcd  to  prevent  tho  escape  of  the  cseontiol  oil  to  whic 
beer  oires  ita  aroma,  and  are  furniahod  vith  an  apparatiu  vhie 
eonewntly  aiira  the  mixture.    The  strength  of  the  wort  ii 
increased  hy  the  addition  of  glucose,  (HuOO,)  molassca,  or  raw  so 
The  wort  thus  hopped  is  conveyed  into  reservoirs,  where  it  a 
fl«d  hy  rest,  and  then  run  off  into  other  reservoirs,  where  it  is  coolc 
H  rapidly  aa  poauuHlc,  by  allowing  tlic  Ii()iii<l  layer  only  a  thtcki 
of  4  or  0  indies;  tlie  cooling  vata  being  placed  in  large  rooms  en 
rounded  by  Venetian  blindB,  in  order  to  afford  a  free  cirenlatinn 
air.     The  proportion  of  hops  is  about  1  kllog.  for  every  hoctoUtre 
of  table-heer,  and  2  Mlog.  fi>r  every  hectolitre  of  strong-beer. 

When  the  wort  is  cooled,  it  ia  poured  into  a  fermenting  rat  or 
turif  and  a  iiuuntity  of  yeast  added,  varying,  according  to  the  Beaton 
and  8tren;rtfi  of  the  wort,  from  2  to  4  fcilo;?,  for  every  1000  Ut 
and  maintained  at  a  tempcraturt:  of  about  GS".     The  ferment 
house  fihonld  be  well  aired,  in  order  to  allow  the  carbonic  acid 
paaa  off  rapidly.     The  fermentation  lasbi  from  24  to  48  hours, 
dueiog  a  liirge  quantity  of  froth,  which  fslU  from  the  tan  into  Bpontt" 
arranged  for  the  purpose,  and  vrhich,  when  collected  and  expitAsed 
in  bags,  constitutes  beer-yeast. 

The  tuns  arc  always  kept  full  hy  adding  the  li(|iiid  aeparat 
from  the  froth.    The  fermentation  of  table-beer  is  completed  in  : 
casks  filled  to  the  btuig,  and  placed  on  a  scaffolding  over  u  spont  wh!a 
crirnea  off  the  froth  still  arUing  from  tlio  liquor;  and  wht^n  the 
mentation  is  finished  tho  kegs  are  plugged,  and  the  beer  only  requ 
a  clarification  with  fish-gtue. 

Strong-beer  h  allowed  to  ferment  slowly  for  severnl  woeks^ 
tho  fermentation  in  the  ton,  in  large  vata,  holding  as  much  u^ 
gallons. 

CIDER  AND  PEBRT. 

§  1725.  Aa  alcoholic  liquor,  called  cidiTy  is  prepared  from  applea, 
and  constitutes  almost  the  sole  ilrinlc  in  Normandy  and  Picsinly; 
while  pears  yield  &  similar  beverage,  culled  ptrry.  In  the  making 
of  cider,  a  certain  <iuautity  of  pcurs  is  often  added  to  the  apples,  10 
givo  the  liquor  a  higher  flavour. 
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la  orddT  to  TDftka  cider,  the  upple*  are  crushed  in  a  vertical  mill, 
tumiDg  in  a  etune  trough,  witL  a  prpssurc  not  ffrcat  enough  to  tnnsh 
the  Rccds,  which  would  injure  the  flavour  of  the  eider.  About  10 
or  1&  per  cent,  of  viBtcr  is  gcncrallv  added.  The  mwiheJ  apples 
being  put  into  heaps,  n-nd  left  for  24  hours,  the  cellular-tissue  hegios 
to  separate,  and  fermentatioa  dev«Iopa  a  peculiar  colouring  mattor, 
irhich  givo«  oider  it«  yellow  tinge.  After  this  maceration,  the  pulp 
18  pressed,  and  600  kuog.  of  joico  are  gcuorallj  extracted  from  1000 
kilog.  of  appla^.  The  app]p*iiiash  is  again  gronod,  after  the  addt- 
tion  of  about  250  litres  of  ■water,  and  expressed;  the  lii^uid  thu8 
ohtniaed  Triclds  cider  of  an  inferior  ciualitj. 

The  apple-juice  is  allowed  to  fonnent  in  vats  or  harrols,  vhere  it 
is  freed  from  i-arioiu!  saWtances,  which  are  either  deposited  or  float 
on  the  surface  io  the  shape  of  froth.  It  is  drawn  off  into  large 
hogslu!«dit,  which  arc  but  looisoly  corked,  in  order  to  nvo  exit  to 
the  carbonic  add  goueratud  duriu';  fermualatiun.  Diu-tng  this 
eeoond  stage  of  foimoatatiou,  thu  cidor  retains  a  awcct  ta^te,  much 
admired  by  some  persons ;  but  in  countries  where  cidor  is  tht)  general 
beremge,  fermentation  i«  allowed  to  continao  to  its  completion^  by 
which  ilie  lt(|uor  acr^airea  an  aoid  and  slightl/  bitter  tAste. 

§  1726.  Grape*  eonlain  extremely  numercoB  proximate  principles; 
celluloac,  pectin  and  its  congeners,  (§  1296.)  grnpc-eugar,  tannin, 
Bibominout)  aub&taneee,  yellow,  blue,  and  red  colouring  matters,  fatty 
fobstances,  tartrates  of  potaeaa  and  lime,  silica,  oxiuc  of  iron,  etc. 
etc.  Wine  derives  its  alcohol  from  glucose;  while  the  coloarinc 
msttors  and  tannin^  which  exist  chiofly  in  the  ekin  of  tLo  fruit  and 
the  grape-stema  or  stalk,  impart  different  shades  to  the  various  wines, 
accordin;'  at  one  or  othor  of  the  colouring  principle*  predominat«B. 
Tbeee  principles  are  not  all  equally  fixed ;  the  blue  colour  chsn^og 
first,  while  violet-coloured  wines  iieeomc  more  red  with  age,  ana 
acquire  a  yellowiah  tinge  when  they  are  very  old,  because  the  rod 
principle  is  destroyed  before  the  yellow. 

In  vrine^making,  the  grapes  are,  in  the  first  place,  prt^ssed*  most 
fr<y]n<'ntly  by  the  feet  of  men,  who  walk  about  in  the  vat.  In  the 
mannfacture  of  white  wine,  the  pulp  alone  ia  pressed ;  while,  if  red 
wine  ia  to  he  made,  tho  pulp  is  left  for  several  days  to  itfielf,  to  allow 
formentation  to  take  place,  and  tho  liquor  to  dissolve  the  oolonriDg 
matters  and  tannin  of  the  skins  of  the  ftnut  and  of  the  stalks.  The 
pres^ng  is  frequently  repeated,  when  the  tissues  are  party  broken 
up  by  fermentutiou :  but  this  is  an  operation  requiring  caution,  aa 
t£e  carbonic  acid,  which  is  copiously  evolved,  might  asphyxiate  tfa« 
workmen.  For  wines  of  superior  quality,  a  partial  picking  is  often 
performed,  that  is  to  say,  a  portion  of  the  sUilks  are  removed,  when 
the  latter  arc  too  abundant,  aa  is  tho  case  in  years  when  grapce 
are  not  very  plenty.  The  rata  in  wliich  tbe  Brat  fcruentatioo  is 
Vol.  U.-U>  4» 
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effected  ftrc  left  open,  tboueb  it  would  probablv  be  better  bt  keep 
them  dowd,  in  order  to  avoid  the  contmcl  of  ur,  which  often  wo- 
doeea  «€!!«  fcrmcDtation  in  the  eoum  coUcctcd  od  the  sufice.  i^ 
duratiuu  or  the  fennciitatioD  T&ri«s  with  the  tcmpentore  and  natm 
of  tho  grape,  ud  is  known  to  b«  t«nDinatcd  by  the  ftbnoBt  complete 
ceaSBtion  of  the  cTolutioo  of  gu,  and  the  coloor  of  tho  wine,  which 
coataiiu  n  tnflicirnt  rjtuuilitj  of  tho  colouring  matter.  For  ardiauj 
winea,  it  laat«  rrom  3  to  8  dajs;  while  in  some  localities  it  b  oro- 
tiBtwd  for  a  month  or  »ix  weeks,  the  vat«  bong  then  dosed  after 
the  ei^htl)  day. 

When  fermentation  has  ceaMd,  the  clear  Uqnid  is  drawti  offbr  a 
Biopcock,  and  the  mutt  ia  expreseed;  the  latter  being  fenerally 
diluted  with  a  small  quantity  of  water,  and  agiun  subjecteu  to  pm- 
Bive*  yielding  a  very  weak  wine,  called  pufuett^y  which  eoon  tme 
foor.  The  wine  which  Hows  Bpontancotulj  and  thut  separated  hj 
compression  of  the  pulp  arc  conerally  mixed  together,  bat  arc  kepi 
separate  in  the  making  of  winee  of  superior  qiuUity,  because  tut 
yielded  by  expression  always  contains  some  acid  priuciplea  fm- 
niflhed  by  tho  stalka  and  itcods. 

The  wine  is  received  into  hogshcadi,  which  arc  generally  net 
closed,  because  fermentation  goes  on  slowly,  and  carbonic  acid  ll 
for  a.  long  tiino  evolved.  When  this  cea«e^  tbe  wine  is  a^ain  drami 
ofi;  and,  about  the  month  of  March  or  April,  the  fining  it  eoB- 
meneed. 

Red  wines  are  commonly  fined  with  white  of  eggs,  baUodc'i 
blood,  or  gelatin,  which  substances  combine  with  the  tannin  and  a 
portion  of  the  colouring  principle,  and  carry  down,  by  ceagolatiii^, 
the  substances  in  suspension  which  muddied  ibo  wine.  "*  *~  ~ 
white  wines,  which  contnin  but  little  Isnnin,  it  is  nt 
fieh-glue,  bccoiwc  il  coaji^ulates  much  more  rapidly. 

In  bad  years,  wben  tlio  grapes  do  not  ripen  perfectly,  tho  qv 
of  the  wines  is  gently  improved  by  adding  a  certain  ([uatitity  i 
glucose  to  the  fermcnting-viLt. 

Sparkling  wtnee,  such  as  champagne,  are  prepared  from  a 
grape,  tbe  juice  of  which  generally  contains  more  nugnr  than 
white  grape ;  but  in  order  to  avoid  colourmg  the  jnicc,  great 
is  taken  not  to  rupture  the  bosk  of  tho  grape  or  of  the  stalks, 
grapes,  cnthered  in  w&rm  weather,  are  carried  with  great  care  Coi 
preaa,  when,  by  a  first  nnd  gentle  preRsure,  tho  juioe  which  is 
make  winu  of  first  quality  ia  obtained,  while  tho  must,  being 
stamped,  and  more  powerfully  exprci»!cd,  furnishes  a  juice  fr 
which  pink  chikmpugue  ia  made.     A  third  and  fourth  pressiog  l 
BOmetiueii  mode,  but  the  products  arc  added  to  tho  ordinal 
wine«.     The  white  or  pink  juice  in  alloncd  to  ferment  b 
hogsheads,  where  it  is  freed  from  the  greater  portion  of  its  ycai 
which  floats  on  the  snrfaee  with  the  hl'uiii.     In  '24  lunira  ihe  juice 
is  drawn  off  into  other  hogsheode,  which  arc  kept  nearly  filled,  aotf 
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imperfectly  clos<^(1,  so  as  to  allow  tbo  dwoDgii^inent  of  ctrbonie 
held.  In  a  month  it  is  drawn  off  and  fined  tot  the  first  tiinv,  a 
second  fining  being  upplifd  ftfler  tho  following  month,  after  haiing 
drawn  it  on,  and  a  third  one  id  the  mutith  of  April>  when  it  is 
bottled.  Three  to  five  per  cent,  of  its  weight  of  sugar-candy,  di»- 
aolved  is  an  eqitaJ  weight  of  water,  is  then  added  to  the  wine.  The 
bottles  are  rery  carefully  cloned  with  cork.<t,held  down  by  iron  wire, 
sad  snimoiinted  by  a  metallic  cap;  and  they  are  laid  upon  their 
side,  s  lath  of  wood  being  placed  between  each  two  bottleH.  A  por- 
tiOQ  of  t)ie  Bugar  achled  undergoes  alcoholic  fermentation,  under  the 
influence  of  the  yeast  which  still  cxiats  in  the  wine,  but  the  carbonic 
acid,  finding  no  escape,  romainH  in  eolutiou  in  the  liquor,  which  also 
rctaiofi  a  awect  ta«to,  produced  by  tbo  portion  of  too  sugar  which 
has  not  fermented. 

MASUPACTCaE  OP  IIEEX-SUGAB. 

§  1727.  The  sugar-beet  cultivated  in  Franco  for  the  production 
of  beet-sugar,  is  the  speciea  called  the  white  Siberian  atigar-beet, 
sad  shows  the  following  average  composition  : 

Water 83.5 

Sugar 10.5 

CcDulose 0.8 

Albuminous  substooocs ••••• ••*    1.5 

Various  organic  mbetances,  and  mineral  salts    3.7 

100.0 

The  beets  are  taken  out  of  the  ground  when  they  hare  acquired 
their  full  growth,  and  carefully  separated  front  thoso  which  have 
been  injurt'd  by  the  operation,  since  the  latter  do  not  keep,  and 
doold  be  u»;d  immediately.  The  beets  ore  made  into  hejips  in  the 
6c>1d,  Slid  covered  with  leaves,  until  there  is  danger  of  frost,  when 
they  must  he  housed,  or  buried  in  pit».  Tho  upper  part  of  the 
root,  at  the  starting-point  of  the  Maiv,  ia  cut  off,  because  this  por- 
tion ii  harder  and  contains  but  little  sugar. 

Tho  beets,  after  being  cleansed  and  washed,  are  thrown  into  a 
macbino  which  reduces  them  to  as  fine  a  pulp  as  possible  and 
breaks  up  the  cells.  The  pulp  i»  placed  in  woollen  hags,  laid  on 
each  other,  and  between  which  metallic  platM  are  i&trodaeed  ;  after 
which  the  mus^  is  compreai^ed  by  a  »crcw-prcs8,  and  the  jtuoc  which 
flowH  out,  and  which  constitutes  about  0.4  of  tho  juice  contained, 
collected.  Thebagd  and  plates  arc  then  placed  under  the  platfortn 
of  an  hydraulic  press,  which  is  unscrewed  after  having  maintained 
tho  pressure  for  about  10  minutes,  when  the  hags  arc  placed  two 
by  two  between  two  plate*,  and  again  still  more  powerfully  com- 
preflsed.  In  this  manner,  76  to  80  per  cent,  of  beet-root  juioe  tnay 
be  «ztnict«d,  only  about  15  paru  being  left  in  the  pulp. 
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§  n2S.  As  the  juico  soon  changes,  it  is  asiKiituil  Iq  rtuso  it^ 
quidcly  OS  possible,  to  a  liigU  tempenitare,  iQ  order  to  dcetro^* 
f«micnt!i ;  and  to  s*tur»tc  ritb  lime  the  freo  ftdds,  which  in 
moD  coiiTert  a  portioii  of  the  Mig&r  tuto  sugar  tumiug  to  the  left. 
For  this  purpose,  the  juice,  oa  leaving  the  press,  is  conveyed  into  » 
doable-bottMiieil  boiler,  keaied  by  aieaiu,  and  the  teutpi-ratarr  b 
ntpidly  raii>e<l  tn  140°  or  WS",  nftor  wbiob  it  is  coDTejed  iotd 
another  boiler,  aleo  heated  l>y  stcsm,  nbere  the  drfeoatian^  or  trcnt- 
ment  with  lime,  is  effected.  Ilydralcd  lime  k  usxmWy  made  bv 
pouring  on  quicklime  10  times  its  weight  of  boiling  water,  and, 
when  the  lime  is  entirely  Rtacked,  passing  it  over  a  metallic  neve, 
which  arrests  the  grains  of  sand  ana  the  ooD-dccarbuuatod  portii 
Tlie  juice  is  tint  heated  to  167°  in  the  defecating  boiler, 
milk  of  lime  is  then  added,  and  the  nholc  ia  stirred,  to  rcndn- 
mixture  homogeneoiui;  when  the  temperature  is  raised  to  21'2 
supply  of  Btean  being  cut  off  irhen  ebullition  commcnceg.  Tte 
lime  oomhiites  with  the  free  acids,  the  iilbuminoua  substunccA, 
btty  and  colouring  matters,  and  produces  insoluble  eompoi 
eflfecting  at  the  same  time  a  kind  of  clarification,  by  can- 
down,  with  the  insoluble  eompuuuda,  organic  remains  which 
raspendcd  in  the  juice.  A  thick  scum  baring  formed  on  ihi-  »urf( 
of  the  liquid,  the  Utter  in  kept  from  boiling,  in  order  to  pruvtuit 
rapture  by  the  bubbles  of  steam.  The  proportion  of  lime  adi 
Tarice  with  the  imture  of  the  beets  and  with  their  freshnes*;  ui 
S  lbs.  for  1000  pints  of  jaico  being  used  in  the  beginning  of  tlu 
season  and  with  fresh  beet«,  which  quantity  is  gradually  incrc 
and  frequently  reaches  10  lbs.,  before  tho  close  of  the  season, 
excess  of  lime  remains  in  the  liquor,  und  forms  a  deliquescent 
poaud  with  a  portion  of  the  sugar,  which  must  bo  leesened  u  m 
as  posuble,  becanao  it  cautte^  a  loss  uf  sugar.  In  some  factories 
has  been  endeavoured  to  Ratorate  it  with  a  proper  quantity  of  »«_ 

§  1721*.  When  the  defecation  is  tcrmiuott-d,  the  li<juor  is  drava 
off  and  filtered  through  unimal  charcoal,  the  filters  used  for  thb  pur 
pose  being  large  sheet-iron  cylinders,  having  a  fal»e  bottom,  piorcfd 
with  holes,  like  a  cullender.  A  cloth  is  ejl«nded  over  the 
on  which  is  opread  very  coursolr  powdered  anitual  charcoal,  ^ 
m  succcKsive  layers,  until  it  filfj*  the  cylinders  to  Ij  foot  from 
top,  when  another  cloth  is  laid  upon  it,  and  is  covered  by  another  me- 
tallic plate  pierced  with  holes ;  each  filter  receiving  GOOOto  8000 lb*, 
of  eharceal.  The  filters  should  be  kept  congtantly  filled  with  fiui4. 
which  in  easily  done  by  means  of  astopood;.  Af^er  this  proofsa,bT 
which  tho  juice  loses  a  portion  of  its  colouring  matter,  and  the  lime 
in  excess,  which  adhere  to  tho  charcoal,  it  is  conveyed  a.t  rapidly  as 
possible  into  the  eoucentnitiiig  boik'rs.  which  are  generally  ahallov, 
and  are  heated  by  the  circuJntioti  of  high-prrssuru  steam  throa^ 
copper  tnbes  arranged  over  their  bottoms.  The  juico  is  rained  to  a 
temperature  of  70**  in  10  or  12  minutes. 
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by  siffns  leuiied  bv  «xporienee  alone,  if  it  is  properly  concentrated, 
or  if  the  hoiling  is  completed.  During  the  ebullition,  which  t«rmi- 
mntes  at  a  temperature  of  2GG^  to  275*,  a  cuusidernble  portion  of 
the  sugar  is  altered^  and,  Ut  diminish  the  loss,  the  evaporation  mait 
be  effected  as  rapidly  as  pos^blc.  This  operation  liaH  been  greatly 
improved  by  foiling  m  vacuo,  that  is  in  close  boiler^  heated  by  eteam, 
and  brought  into  coninjiinication  with  worms  and  receivers  in  which 
a  vacuum  is  made ;  vrLen  ebullition  takes  place  ot  a  loKcr  tempera- 
tare,  the  qiisntity  nf  sugar  changed  )9  mach  smaller. 

§  173('.  When  the  syrup  is  properly  boiled,  it  ia  colleoted  in  a 
cooler,  which  usiinllv  r<'ceivrB  the  products  of  5  or  6  boilings;  and 
its  temperature  then  falla  to  about  176^.  Crystallisation  then  com- 
iBflDOOB,  bnt  aa  soon  as  any  crystals  form,  they  are  detached  from 
the  aidea,  and  the  syrup  Ktinvd  to  bring  them  again  into  sn^pen- 
son.  Whtn  the  temperature  ha«  fallen  to  130°  or  122**,  theeymp 
is  poured  into  largQ  ooiiical  moulds  of  metal  or  baked  day,  resting 
on  the  point,  which  is  furnished  with  a  halo  preriooaly  stopped  mth 
a  {Jug  of  wet  moslm.  The  moulds  are  raujrwl  on  long  twnchea, 
mlb  openings  throagh  which  the  escnpiag  Suida  fall  into  zinc  gut- 
ters, whence  they  now  into  reaer^-oirs.  The  temperature  of  the 
room  containing  the  moulds  shonid  be  about  S6'.  CrystaJlitation" 
is  completed  in  24  or  86  hours,  when  the  plug  is  removed  from  the 
opening  in  the  mould,  and  the  point  of  the  loaf  pierced  with  an 
awl,  so  as  to  draw  off  the  molu&tcs,  which  is  again  cooccutruted, 
even  further  than  the  original  syrup,  and  crystallized  in  moulds. 
When  the  inulasse^  i^  too  highly  coloured,  a«  happens  sometimes,  it 
is  diluted  with  a  suflieiont  quantity  of  water,  filtered  through  animal 
charcoal,  concentrated  and  reerystallixcd.  The  syrup  which  drains 
from  the  second  sugar  is  frequently  Rubjected  to  the  same  process  for  a 
third  time,  but  the  crystallixatioa  tlien  requires  a  great  length  oftime. 

When  the  sugar  has  drainer!  sufficiently,  the  loarcH  arc  looseHed, 
that  is<,  the  moulds  are  iuTerted.  and  the  loares  detached  by  gentle 
blows ;  after  which  they  arc  placpd  in  the  wareroora,  protected  from 
dampness.  This  is  raw  beet-sugar,  which  requires  refining  before 
being  fitted  for  conmimptiou. 

MANCFACTtTRE  OP  CAJI2-SC0AB. 

§  1731.  Of  all  gacebartf«rou«  plants,  sugar-cane  Is  the  most  rieb 
in  sugar,  sine*  it  yields  0.90  of  juice,  cuntaiuing  from  0.17  to  0.22 
of  crystalliiabio  Bugar;  but  in  the  mnjority  of  the  colonics  its  Ton- 
nufacture  is  still  bo  rude  that  nearly  oue-half  of  the  sugar  contained 
in  the  cauo  is  Vvsl.  The  ricbest  variety  of  sugar-cane  is  the  rUAon- 
coRf,  or  OiakeiU  cane,  containing,  on  an  average, 

Water 72,1 

Sagar : 18.0 

Wuudy  tissue 0.9 
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It  IfiSTM  about  0.4  of  ash  coDtainiag  a  considcniblc  qoantttj  of 
sJlex,  Uke  that  of  all  tbe  gramineie ;  and  the  ash  oonnsta  of 

SUoK 68 

Potoesa 22 

Lime 10 

100 

glT32.  Whon  the  canes  aro  cut»  thej  soon  become  damaged  hji 
fermcDttttton,  &ad  nhoultl  tbcrofurc  be  nirried  immediatolv  to  tat 
mill.     The  InlltT  is  composed  of  large  etom;  or  caet-iroii  cjlindfin, 
between  which  the  c&ii«s  are  crushed ;  tlio  host  being  provided  with 
fivu  cnulung-c^-Undvrs,  to  that  the  cuce  is  compressed  four  times. 
They  are  turned  by  a  wuter-nheel  or  hj  steam ;  and  in  the  majoT' 
itr  of  8uga^fforks  oolir  about  6U  kilog.  of  juioo  are  extracted  front 
100  kilog.  of  cane,  vhile  in  the  best  mills  abont  6£  aro  obtained; 
40  kilog.  of  juice  beine  io  the  former  case  left  in  the  eane-tratk^ 
and  25  m  (he  latter.     The  woody  fibre  of  the  cane  renders  it  veiy 
difficult  to  extract  the  juice  completely,  which  would  require  greats 
pover;  and  in  the  cotoniea  the  trash  is,  generally  npcaking,  the 
only  fuel  used.     The  rapid  and  perfect  extraction  of  the  jiuce  it 
the  most  important  part  of  the  procesu,  and  that  whichprodiMi 
the  greatest  lotui  of  sugar  vfhen  not  well  performed.     ^Ilie  fimb 
cane-juicc,  vrhich,  in  addition  to  the  sugar,  coataiu  merely  m 
»mallrjuantities  of  alhnminouitsuhstances,  u  allowed  to  remain  for  a 
hour  in  a  rcecrvoir  to  become  clear,  and  is  thence  conveyed  into  Ihl 
boilers,  five  of  nliich  generally  make  a  set.     The  first,  which  is  tbaj 
most  remote  from  the  furnace,  is  used  for  defecation,  (or  tenpe^'l 
ing ;)  in  which  case  only  ^  of  the  quantity  of  lime  ueontMry  far  tbej 
defecation  of  beet-sugar  ia  used;  about  0.2  or  0,8  for  1000  of  juic 
It  i.1  then  heated  to  boiUng,  and  rapidly  ekimuicd.     The  dcfeoal 
juice  iu  thence  conveyed  into  the  second  boiler,  whore  cvaporatk 
oommcnccs ;   the  ekimmings  from  thia  boiler  being  remotxd  and 
thrown  buck  into  the  first.     The  liquor  then  passes  into  tho  third 
boiler,  where  the  evaporation  U  oontmacd ;  and  during  its  sqjottn 
in  this  boiler,  tho  workman  ascertains  if  it  lias  been  properly  deffr^^J 
catcd,  or  if  it  requires  the  addition  of  a  small  quantity  of  liuu.    Ht^^ 
ihtu  transfers  iho  liquid  into  the  fourth  boiler,  where  it  is  concon-^^ 
trotcd  to  the  conjiatcnee  of  i»yntp;  and  lastly  into  the  fifyi,  where  it 
is  concentrated  to  the  consistence  suitable  for  crystallisation. 

In  the  best  establishments  the  boilers  rest  on  pivots  in  their  een- 
tral  line,  ajid  are  placed  below  each  other,  which  arrangeraeot 
greatly  facilitates  and  accelcratCR  the  working. 

The  boiling  is  then  run  off  into  large  flat  reeerroirs,  nrhero  it 
allowed  to  eool  and  crystaltizc  for  24  hours,  when  the  granular  rac 
is  poiired  into  moulds,  in  which  the  crystaUiiatioo  is  complet 
and  is  finally  drained.  ^ 


The  operntion  generally  yields  in  moet  of  th«  works, 

Brown  su^^ar 55  to  85 

Sngar  wliicli  remains  in  the  molasses,  for  the  greater 

{>artiuicr7ataJlizftbte 25  to  20 

Sugar  left  in  the  trash 80  to  75 

160  to  160 

In  several  important  eusar^irorlu,  an  apparatus  for  ernporatin^ 
in  vacuo  hns  been  tried,  which  cousiileraljiy  iliiiuoielies  the  ton  of 
sa^ar  in  the  molasses,  and  also  fumiahcs  a  better  article ;  but  tho 
pnniitire  cost  of  such  apparatus,  combined  with  the  want  of  fuel, 
will  for  some  time  prevent  this  more  perfect  process  from  being 
generally  introduced. 

MolasBeH  is  uncil  in  the  manufacture  of  scvwal  alcoholic  liquors, 
such  as  nim,  ratafia,  etc. 

SCOAR-REFDnNO. 

(1789.  A  1«^  quantity  of  cane-sugar  is  consumed  in  tho  state 
of  hroirn  sugar,  while  the  greater  portion  of  it  ia  refined ;  and  raw 
bc«t-8Ugar  mn»t  nlto  be  refined,  as  otherwise  the  flavour  and  smell 
of  the  Dccw  wouM  render  it  unfit  for  uac.  The  refiner  generally 
mixes  cane  ami  beet-sugar  in  proportions  which  facilitate  the  pro- 
OMft.  Cane-sugar,  during  its  voyage  from  the  colonies,  has  genc- 
r*Uy  undergone  some  change^  and  contains  agmall  quantity  of  acid, 
while  hect-sugar,  on  the  contrary,  contains  a  small  quantity  of  sao- 
charato  of  lime ;  and  by  mixing  them  in  proper  proportions,  tlie 
acid  of  the  cane-sugar  ia  saturated  by  the  lime  of  the  beet-sugar. 

The  raw  sugars  heing  mixed  on  a  table  made  of  ilag*stoneK,  and 
ptssed  through  a  Bieve,  the  mixture  is  disaolved  in  30  per  cent,  of 
Its  weight  of  trater.  Tho  solution  is  effected  in  boilers  heated  by 
■t«ftm,  and  placed  sufficiently  high  to  allow  the  syrup  to  fall  directly 
into  charcoal  filtoni,  after  which  the  cfar?^in^  is  commenced.  This 
operation  consists  in  aJdiug  to  tho  syrup  5  per  cent,  of  its  weight 
of  finely  powdered  animal  charcoal,  (bone-black,)  and  1  or  2  of  an 
alhaminoas  substance  coagulahlo  by  heat;  bulWlc's  blood,  defibrtn- 
atod  by  heating,  and  diluted  with  4  times  its  weight  of  water,  being 
generally  used.  Tlio  h<)uid  is  stirred,  and  allowed  to  boil,  when  the 
ai,Tup  is  run  into  peculiarly  shaped  filters,  which  arrest  tho  sub- 
atanees  in  suspension  and  the  scum.  The  best  filters  are  those 
made  of  an  upright  wooden  ease,  containing  a  great  number  of 
bags,  made  of  cotton  or  woollen  drugget^  the  mouth  of  which  ia 
above  the  top  of  tho  cose,  while  the  lower  part  passes  through  the 
bottom  and  opens  below.  The  muddy  liquur  being  poured  iuto  the 
case,  filters  from  without  into  the  baga,  which  are  Kept  from  col- 
lapsing by  hoops  of  wood  or  iron,  by  ivhtch  means  filtration  ensues 
over  a  largo  porous  surface,  and  the  filters  are  moreover  easily 
washed.    Tho  residue  in  the  case  ia  woahed  with  fresh  water,  nliicD 
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fnnuebes  a  tnak  solution  of  sti/ctr,  med  to  diMolve  the  new  sug*n ; 
aad  IH  tlicn  koM  asinaniirp,  unilcr  the  naiae of  rttfinery-hlack. 

TLo  clariGed  syrup  is  imiiierluitely  filt«rcd  tliroiigli  cbarcoal,  b 
an  •pparatuB  roBcmblin^  that  used  for  the  blcocliuig  of  tcnapend 
sugar-bee;  jatw,  (S  1723,)  and  is  tbeu  convejred  ioto  ibo  boilen. 
In  almost  all  tlio  largo  refineries,  it  is  Qov  boiled  in  an  appantot 
calcul^itetl  to  evaporate  in  vbcuo.  The  concent rat<?d  gynip  is  col- 
lected in  kettles  in  which  the  temperature  is  raised  tolT(>%  in  order 
to  rotartl  cryKtalUeatioD,  and  rt-dituclvc  the  crystals  which  had  l>e- 
gun  to  form  in  the  eraporstiiig  kottk's,  where  the  boiling  p<nDC  is 
not  wry  high.  C'rystiilliziitiim  soon  commcnoce  in  thia  kettli\  while 
the  temperature  fallo,  and  the  liquid  ta  frequently  stirred,  and  the 
mixture  of  ayrup  and  cr^'etals  pourvd  into  moulds,  which  arc  fAuotd 
in  a  room  caDliguoiu  to  the  toilers.  The  moulds  are  gcner&Uj  of 
baked  cta>-,  iind  arc  50  ccntimctrea  in  hcij^lit,  and  from  16  to  2i 
vide  at  the  baee.  Before  using  now  moulds,  the^  are  kept  filled 
for  sereral  dovii  with  a  thin  pap  of  clay,  which  doses  the  pores  of 
the  earthenware,  and  prevents  the  nb&orptioo  of  the  syrup  and  the 
adhesion  of  the  loaves.  The  moulds  arc  perforated  at  the  lower 
p&rt,  the  boles  beine  closed  with  a  plug  of  wet  mitsliii ;  aud  Hit 
moulds  arc  arrangca  on  a  doable  beach,  furnished  witli  openiagi, 
aud  of  which  the  lover  pan,  made  of  zinc,  conveys  the  dripinDp 
into  a  canal  conttnunieatinfr  with  a  reitonroir  kept  for  the  puqMKe. 
When  the  moulds  are  litL'd  Uj  about  1  centimetre  below  the 
they  are  nllowed  to  rOHt  for  some  time ;  when  there  lorm* 
SOTiace  of  the  syrup  &  crj'eUiUine  crust,  which  is  broken,  a; 
broken  crystals  are  thrown  to  the  bottom,  the  syrup  being 
at  the  same  time  in  order  to  equalise  the  temperature,  which  always 
falls  most  rapidly  toward  the  apex  of  the  cone.  The  crystallising- 
room  is  kept  at  a  temperature  of  about  i)^".  After  remaining  8  or 
12  bfjiirs  in  tbis  room,  the  moulds  are  carried  into  low  apari 
witli  briuk  floor^i,  and  boated  by  steam  conveyed  in  pipes  on 
or  around  ibc  walls.  The  plu^  is  then  removed  from  the  ...^^ 
tlio  mauLdi),  and  the  loaf  pierced  with  an  awl ;  when  it  ig  allowed  to~ 
drain,  and  in  12  hours  the  base  of  the  loaf  is  nearly  white  and  dry..j 

The  Riigar,  which  now  is.  called  drained  ffreen  or  rata  »ugart  i 
then  left  in  the  moulds  for  (i  or  7  dnyfl  to  complete  the  d 
after  which  the  workman  Btnontbii  the  base  of  the  loaf  with  a 
Sild  adds  to  it  a  lajor  of  purely  wliito  sngar,  for  which  he  _ 
uses  scrapings  of  refined  sii^ar,  in  order  to  make  the  base 
loaf  perfectly  level,  as  it  would  otherwise  be  disfigured  by  a  depre^ 
sion  in  the  centre.  '!^\\c  dayhg  h  then  commenced,  which  coqbsU 
in  pouring  iato  each  mould  a  paste  of  clay  diluted  with  water  to  ths 
thickness  of  2  or  !J  centimetres.  The  water  from  tho  clay,  Sltering 
slowly  through  the  loaf,  becomes  saturated  with  nearly  pure  sugar 
in  the  upper  strata,  which  are  ne-arly  blfiachcd  by  draining,  and  n*i- 
places  in  the  lover  parts  the  coloured  molasses  whicb  uioi&ten 
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porous  cryetiOline  mass.  After  7  or  8  <Iays  of  olaying,  th« 
tormn  8  firm  cntiting  od  tbe  surface  of  the  loaf,  vhich  is  rtanc 
by  »  flpatula.  The  base  of  tlie  loaf  m  a^ain  stnootlied,  and  it  is  8ub>] 
jeoted  to  another  claying  resembling  the  first.  Thew  two  pTocc 
j^eneralljir  produce  refilled  Augar,  although  a  third  clsjing  ia  som»>l 
times  uecessftry. 

After  tli«  last  claying,  tbe  loaves  are  laid  on  their  sides,  and  tb« 
bases  being  again  smoothed^  the  mould«  arc  slightly  tapped,  in  order] 
to  detach  the  loaves  from  their  surroooo,  and  thus  aftoir  tho  last  { 
portions  of  svrup  to  pass  through  more  essUr-  Xfa«  inonlils  &r« 
then  placed  iu  tltcir  former  position,  to  collect  the  syrap  in  the  apex  ' 
and  cauM  it  to  flow  out  ns  completely  as  possible ;  after  vhieh  t 
are  set  on  their  baaes,  and  thus  loft  for  24  hoars,  in  order  to  tipt 
the  ayrup  yet  contained  in  the  apex,  whicrh  voiild  senitibly  colour 
the  latter,  throughout  the  Thole  loaf.  Xhese  alternate  poaiiions 
are  repeated  several  timeji,  until  the  vrholc  ina.«A  haji  acquired  a 
noiform  colour ;  after  which  the  loaves  ostracted  from  the  moulds 
are  exposed  in  the  air  for  24  hours,  and  then  dried  in  ovens  at 
temperature  noKxeeeding  113°. 

In  some  muuufiiL'i'jries,  dteolouring  is  mbstitutcd  for  chtying. 
This  operaliuu  coiiitiiits  in  pouring  upon  each  loaf,  in  the  mould,  a 
certain  i(uuntity  of  a  syrup  tiaturatcd  with  HugorT  and  purer  thim 
that  which  moistens  the  loaf,  when  the  latter  syrup  is  displaced  by 
the  syrup  added,  and  escapes  through  the  apex  of  titc  mould.  TliA 
first  ^•■elairce"  Is  replaced  by  a  eocond,  composed  of  a  syrup  sti 
purer  than  the  first,  and  so  on,  until  the  last  chiireo  conaisia  of  pa>] 
feotly  refined  sugar.  This  process  is  much  more  expeditious  tiiaa] 
that  of  claying. 

The  name  of  iuntfte,  or  haatardt,  is  ^ven  to  sugars  of  inferior 
quality,  for  the  making  of  which  the  coarsest  raw  sugar,  the  green 
syrups,  and  residues  are  used.  Tfaey  are  clarified  aud  boiled  as  are 
sngars  of  superior  quality,  hut  arc  ory!ttalli7.ed  in  larger  moulds,  and 
the  loaves  arc  decoloured  or  cUitfed  once  oftener  than  sugars  of  first 
quality.  The  apex  of  the  loaf  is  generally  coloured,  and  mu.Ht  be 
removed.  ' 

A  kind  of  white  loaf-sugar,  called  drisd  luffar,  haa  been  for  &  long] 
time  manufactured  at  Marseilles,  {tv^re  tap4.)  It  is  prepared  \yf\ 
rasping  the  beat  quoUty  of  lumps  without  allowing  them  to  dry,/ 
passing  the  substance  through  a  coarse  sieve,  und  introducing  it  iutfrl 
small  moulds,  previously  moistened^  into  which  it  is  pressca  with  a ' 
fiat  pestle.  After  some  time  the  loaveut  are  taken  ottt  and  plieod  in 
a  stove. 
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g  1784.  Animal  charcoal,  or  boQe-black,  used  for  bleaching  i 
is  generally  made  in  thu  vicinity  of  large  cities,  becaose  bones 
there  cheaper  aod  more  easily  procured.     The  bvnes  form  about ' 
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of  the  vaight  of  tlie  recently  Blaaghtereil  aminal;  and  tbm  ^AaA 
are  of  snffiacat  azc  an<]  thickness  are  set  opart  for  the  imo  of  tumns. 

Th«  fat,  used  ID  tlii>  mnnirfaoture  of  stearin  cantUoB,  is  ib^t  extracted 
from  Iho  bonce  mtcnJod  for  laaktng  boac-bJack,  by  broaking  tbcm 
into  pieces  nod  hculiiig  them  with  water  in  large  omlerB,  in  which 
they  arc  frequently  stiiTod,  when  the  fat  eeparatc*  and  floats  od  the 
norfnce.  The  boaea  are  removed  from  time  to  time  with  a  strainer, 
nnd  frcfth  ones  added.  A  portion  of  the  bonen,  before  being  ear> 
boniied,  b  nsed  for  the  preparation  of  gelatin,  (§  16R2.) 

The  bonoH,  af^er  being  deprived  of  their  fat,  arc  drained  and  dried 
in  the  air,  and  then  carlonistcd  in  cylinders,  or  in  largo  cast-iron  or 
eartben  pots,  generally  about  1  foot  in  diameter,  and  1^  ffwt  in 
height,  which  arc  piled  on  each  other  or  ranged  in  rows  in  large 
famaces  heated  to  redne«ti  with  biiumuioiu  coal,  which  temperatare 
having  been  kept  up  for  6  or  8  hcrura,  tho  pots  are  removed.  Wben 
they  are  perfectly  cold  the  bone-black  is  removed  and  ground  belweem 
(^Imders;  all  dost  being  avoided  as  mueh  as  posnble,  Deenue  cnen^ 
tit  nlwiTS  formed  for  ihc  ckrifying  of  sugar,  (§  1738.)  Tlip  duat  sod 
varionsly  sized  gmiD)<  art}  sepurntcd  by  bolting  and  flifcing  in  ueras 
with  meahca  of  suitable  size. 

Bone-black  which  no  longer  exerta  any  bleaching  power  on  jaiees 
itud  syrups,  may  have  this  power  restored,  and  be  made  useful  in 
future  opcra.ti[>n!),  by  removing  the  soluble  substances  in  tbem  by 
wathiiij;,  and  rccalcining  them,  which  carbonizes  the  adhering  orcatue 
matters  and  erposca  the  carbonized  portions.  Their  surface,  Ii01F> 
ever,  being  still  covered  with  a  pellicle  c>f  vegetable  charcoal^  whifilt 
diminiBhcsKcnHibly  their  activity;  tho  former  in  removed  by  rubbing 
them  slightly  between  horizontal  grindiitoneH  which  do  not  exert 
sufficient  pressure  to  crush  them,  and  by  separating  tho  dust  formed 
by  bolting.  By  this  reviving,  bone-black  losca  4  to  5  per  cent.  <tf 
its  weight;  but  tho  operation  may  bo  repeated  20  or  25  times  dd 
the  tiame  charcoal. 

MASfFACTURE  OF  SOAPS. 

§  17S5.  We  have  mentioned  (§  1594)  that  the  salts  fonaod  bj 
fatty  acidt  with  the  metallic  oxides  are  called  Moapt.  StMpa  of 
which  the  base  is  potaaea,  eodo,  or  ammonia,  are  the  only  oncfi  tohlbls 
in  water ;  luid  soaps  of  potna&a  and  soda  alono  are  nsed  for  washing 
imd  for  the  toilet.  In  commerco,  soaps  are  divided  into  hard  Mop, 
of  which  the  base  is  soda,  and  toft  seop,  of  which  tho  base  is  potaasa ; 
the  latter  being  more  geiit-rally  used  in  northern  countries,  while  in 
Prance  the  hard  soap  is  preferred.  Soaps  formed  by  tho  same  base 
ore  harder  in  proporlion  to  the  meltiag  poiut  of  the  fatty  substaneai 
used  in  sapomfication. 

Boapd  lire  mode  by  boiling  fatty  substanoes  with  more  or  less  oon- 
centrated  lyes  of  cauatie  potassa  or  soda;  which  are  obtained  by 
docompoaiug  the  alkaline  carbonates,  when  cold,  by  hydrated  lime. 
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F»bc-lottomc(l  vata  are  g«neral]juaed,  tmd  OQ  the  Dp{>or  Vottom, 
which  iM  covei'cd  »ilh  strav,  the  slnked  lim«  w  plkced,  mixe<:t  with 
tho  iMwdored  alkalino  carbonate,  and  it  is  then  covered  with  water 
to  tho  depth  of  about  &  inches.  In  a  few  hours  the  tiijuid  haa  fll- 
tcrod  through  tlio  Bolid  matters,  aud  cuHect«<l  on  the  lover  bottom^ 
whence  it  is  then  drawn  off  into  a  separate  vat,  to  be  pumped  back  into 
the  dm  vat,  and  once  louro  to  filter  through  the  lime;  thin  procesa 
being  continued  until  the  allcali  is  completely  deprived  of  itti  oarbonio 
acid.  By  nasliinj;  tUa  remaining  linio  with  water,  alkaline  lyea  are 
obtaineil,  which  arc  generally  Uscd  ia  the  first  Btago  of  saponifica- 
tion of  fatty  Bubstancea.  Sapoiiificntloii  \6  effected  in  large  boilern, 
which  are  first  tilled  to  one-fourth  with  weak  lye,  aod  into  which 
tlie  fatty  jmbstmice  ia  eradually  poured,  taking  c*rc  to  coiiatantly 
stir  the  mixturo;  weak  lyc  and  fat  being  then  added  racccffiivcljr 
until  the  boiler  is  sufficiently  filled.  An  emulsion  of  aoap,  with  aa 
ezcoas  of  fat,  is  firi)t  formed  in  a  lic^uor  which  eontuns  but  little  free 
alkali,  and  which  must  be  kept  uniform  by  coQlisual  etirring,  whoa 
a  stronger  lye  ia  introduced,  nhicli  convertn  the  soap  having  an 
ezcoee  of  fatty  acids  into  a  more  basic  and  soluble  soap.  Tliis  more 
highly  chnrgod  lye  i.i  added  by  different  portions  at  a  time,  and,  ia 
tho  laat  place,  it  is  mixed  with  common  salt^  or  other  alkaline  ealtd, 
which  entirely  precipitate  the  soap  and  separate  it  from  the  lye. 
It  is  allowed  to  cool,  and  the  aqueous  liquid  coiitaininj;  the  glycerin, 
tlu  alkaline  salts  which  have  cH'ecicd  the  Hepnriition  of  the  soap,  and 
tho  excess  of  alkali,  is  drawn  off.  A  la-it  concentrated  lye  being 
then  added,  the  whole  is  heated  to  ehullition,  which  temperature  »■ 
maintained  until  the  lye  has  attained  a  density  of  LIS  Id  1.20,  vhea 
the  »upcmativnt  soap  ia  rcmarcd  and  run  intu  moulds,  and,  af^r  it 
has  become  sufiicieiitly  solid,  is  divided  in  parallelopipcdona  of  proper 
dimensions  by  meana  of  u  wire. 

§  173G.  >farseilly8  soap  is  that  moat  esteemed,  and  is  made  from 
caustic  soda  and  inferior  quality  olivo-oil  yielded  by  the  hot  ex- 
pressiotuif  the  olive-must  from  whicti  fir^t  (Quality  ulive-oil  has  beea 
already  obtained.     Two  kindn  of  artificial  soda  are  used  for  these  i 
soaps,  one  called  awcct  ioda,  which  should  ho  as  pure  aa  possible, 
since  it  nfects  the  saponification,  and  the  othcT  highly  charged 
with  eeu-^iLl,  and  callen  ealt  soda,  which  is  used  for  furniahing  tO< 
tha  first  soap,  hnving  an  exoesa  of  fatty  neid,  the  quantity  of  baso ' 
neocsaary  to  entirely  precipitate  it  from  the  liquid. 

The  sweet  soda,  broken  up,  is  mixed  with  g  of  its  weight  of  cans* 
tie  lime,  previously  slaked  and  placed  in  vats  of  masun-work,  called 
barquirux,  where  the  mixture  is  lixiviated  several  times,  furnishing^ 
liquids  of  dccreaaing  strength.  Saponification  is  cficcted  ia  larg* 
kettles  with  sloptngaidcs,  made  of  bricks,  and  with  a  copper  bottom : 
a  lye  markmg  12^  Baum^  being  first  introduoed  and  boiled,  the  oil  itf 
gradually  added,  and  the  whole  is  constantly  stirred.  After  mhooj 
time  a  lye  marking  15°,  and  at  a  later  period  a  lye  marking  20  t 
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U  introilaoefl.  The  whole  operation,  caWtA  empSiage,  lasts  nbo 
S4  hours,  and  produces  a  itoap  with  an  excess  of  liattj  add ;  it  beiag 
imfwrtant  that  the  Mda  efaouid  b«  a«  free  as  pofwble  from  •»• 
ealt.  Having  reached  this  point,  the  re/<nr^a^e  is  oommenccd,  the  ob- 
ject of  wliicti  is  to  make  th«  soap  more  alkaline  and  separate  it 
from  the  Ijres ;  to  vbich  eflfcct  a.  worknuui  throvs  in  gradoaUj,  «o 
the  surface  of  the  kettle,  n  salt  lye,  nuirking  from  20°  to  25°,  ntile 
another  stirs  the  whole  continna.lW,  nh<?n  the  paste,  hitherto  hotDO- 
geneoa^  nnd  i-iscirl,  is  conrerted  into  clnts,  which  separate  from  the 
aqueous  li'iuid.  It  is  allowed  to  rest  for  2  or  S  houre,  when  the 
lye  if!  drawn  off.  After  this  oprration,  which  ia  called  Coinage,  n 
in  again  treated  twice  with  fresli  suJt-lye,  in  order  to  give  too  proper 
Coniu«tency  to  the  soap ;  and  then,  after  ha^Hnz  druwn  off  tee  iMt 
water,  the  paste  is  worked  with  shovels  to  render  it  homogeneooB, 
email  quantities  of  weak  lyes  or  fresh  water  being  frequently  added, 
according  to  the  nstiiru  uf  the  soap  to  he  made;  after  which  it  is 
run  into  niouldn,  and  cut  into  budU  pieces  after  cooling. 

§  1737.  Two  kinds  of  soap  are  found  in  coinnierce;  the  ifA^ 
fend  marbUd  inytp.  The  bluish  veins  observed  in  the  latter  are  pro- 
duced hy  a  HUiall  quantity  of  soap  having  a  base  of  alimiiiiA  aail 
protoxide  of  iron,  and  by  salnhido  of  iron  yielded  by  a  Bmal)  cnwa- 
tity  of  sulphide  of  eodium  which  alwa>ya  exists  in  the  lye.  Of  theia- 
■dvee,  lliesc  foreign  substances  are  of  no  use,  and  may  even  in  Kone 
Coses  be  injurious  ;  but  as  their  presence  is  a  certain  index  that  the 
Boap  does  not  contain  more  than  30  per  cent,  of  water,  marbled 
.Boap  is  highly  valued  on  that  account.  When  the  paste  contains 
more  water,  it  is  more  fluid  and  lisht,  and  metallic  compounds  ate 
easily  deposited  in  it,  and  coimot  he  cUstributed  through  the  »oap 
in  veins. 

~\Miite  soap  is  made  by  diluting  the  paste  at  a  moderate  temper- 
ature, in  weak  lyes,  and  nllowitig  it  to  rest  in  tight  kettles ;  when 
the  soaps  of  alumina  and  iroti  falling  to  the  Ijonoui,  the  supcmotaiit 
white  i>o«p  is  removed  and  ciirricd  to  the  moulds.  lu  order  to  pre- 
pare marbled  soap,  lesi)  lye  is  added,  und  the  soaps  of  alumina  ind 
iron  are  not  so  completely  deported,  and  separate  in  vans  tJiroogh- 
out  the  mass.  Cakes  of  marbled  soap  generally  lose  their  coloor 
in  the  air,  because  the  protoxide  and  sulphide  of  iron  ar«  converted 
into  sesquioxide ;  but  the  marbling  is  always  seen  in  freshly  oat 
Boap.  Marbled  soaps  generally  contain  30  per  cent,  of  water,  aad 
white  Maps  not  le»u  than  40  or  50. 

Rndos  form,  with  tho  alkalies,  salts  which  exhibit  charscters  re- 
sembling those  uf  the  soaps ;  and  yellow  soaps  are  now  xmAc,  the 
I '  fatty  acids  of  which  are  p*rtly  replaced  by  colophony. 

§17itH.  Soft  soaps  arc  made  with  bempsoed,  linseed,  cclu,  and 
other  oils,  the  base  being  potas«a.  Their  natural  colour  is  of  a 
Irowtiish-ycllow,  while  a  greeniah  tinge  is  generally  given  to  them 
hy  the  ad^tion  of  a  small  <i^uanlity  of  in^go.    The  proccaa  is  ucarly 
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the  a&m«  as  thitt  of  mftking  bard  suaps^  except  tlut  Ijea  of  potttn 
are  substituted  for  tboee  of  soda ;  and  when  Kaponific»tioD  ia  otmH 
plct^d,  and  the  soap  has  bcicome  transpareut,  it  is  evaporated  to 
the  proper  consiHtoacjr,  and  run  into  bogskoadti.  This  eoap  ift 
alwa^'s  mure  alkaline  than  sotliHtoap,  and  distiolvfia  more  eaaU/  in 
water. 

Toilet-«oap8  are  aiade  wUh  soda,  and  are  generally  highly  bj- 
dratedt  b«ing  prepared  oithcr  from  olive-oil  or  tallow,  an<I  their 
agrc^^ublc  odour  »  owing  to  essential  oils  mixt-d  with  them  in  the 
moulds.  Colourlo-es  or  coloured  transparent  soaps  ar«  mado  by  did- 
solving  in  alcohol  well-<lri*d  soap  ma«ic  of  bcef-auui,  oouccntraling 
it  properly  by  distillation,  and  pouring  the  limpid  and  innspareul 
Quid  into  moulds,  where  it  bccomca  solid.  Varioua  organic  colouring 
mailers  may  bo  incorporated  with  it. 

CQEJiUCU  rnUfCIPLES  OF  TUE  ART  OF  DYEIKO. 

§  1739.  The  art  of  dyeing  has  been  of  lato  so  scientilically  cnlti* 
vated,  that  it  would  require  much  greater  space  than  the  limits  of 
an  elementary  ct^urso  van  afford,  to  give  a  complete  idea  of  it ;  and 
we  shall  therefore  be  obliged  to  confine  ourselves  to  the  explanation 
of  the  chemical  principles  on  which  {»  bnsod  the  prcliminnrr  prepa- 
ration of  the  tostile  fibres  to  render  them  fitted  for  the  roanufactore 
of  tisKucs,  and  those  on  which  is  founded  the  art  of  fastening  colour* 
iog  matters. 

Prettminary  Preparation,  of  the  TextUe  Ftbrea, 

%  1740.  The  textile  fibres  nsod  in  manufactures  arc  either  of 
Tegctabte  or  anima]  origin ;  the  first  being  chiefly  hemp,  &ax,  and 
eottoo,  and  tbo  second  wool,  hair  of  animiJB,  and  lulk  spun  by  the 
silkworm. 

Cotton  is  nearly  pure  lignin,  while  hemp  and  flax  are  composed 
of  lignin  in  lon^  &tamcntfl,  which,  when  dry,  adhere  to  each  other 
by  means  of  a  pelatinuus  substance,  called  pectin,  although  it  differs 
probably  from  that  found  in  fruits,  and  which  must  be  removed  to 
render  them  fit  for  Mpinning  and  weaving.  For  this  purpose,  they 
are  rotted,  which  operation  consist!  in  plunging  thoni,  tied  in  ban- 
dies, into  water,  where  they  urc  left  until  fcrmuntation  commences, 
which  i&  maiiif<.-^ted,  in  stagnant  waters,  by  a  very  dimgrecable 
odour.  The  bundles  ore  then  withdrawn  from  the  rotting-pond, 
and,  after  Laving  been  dried  in  the  air,  are  subjected  to  mechanical 
opcrutiona,  of  wuioh  the  object  ia  to  detaoh  the  foreign  substanoos, 
which  have  become  friable  by  the  desiccation  ensuing  on  the  rotting, 
and  to  isolate  the  fibree.  Hemp  and  flax  tlius  prepared  arc  fit  to 
bo  converted  by  spinning  into  unUftched  thready  which  may  be  im- 
mediately used  for  weanng.  Cotton  undergoes  no  preliminary  pr<>- 
paration,  and  may  be  immediately  spun  and  woven. 

§  1741.  Wool,  aa  it  u  found  on  the  living  anitiul,  a  imprcguted 
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with  a  cooeitlerable  c]uantitT  of  foreign  sabstancet,  commonlj  called 
greatey*  («uiDt,)  and  nliich  consist  eAsentially  of  enbstAnccs  soluble 
IQ  water,  and  futty  aubstances  insoluble  in  tbnt  Suid.  Sheep  iir<* 
;iuaally  washed  before  beiog  shorn,  and  tb«n  yield  wfant  is  cUlixI 
'  ianked  vooi,  wfaicli  has  thus  lost  a  large  portion  of  it«  solablo  mat- 
ters, and  a  portion  of  the  fatty  matters,  which  ^4^parat«(l  in  the  gute 
of  an  emulsion.  Wool  whidi  has  not  ondcrj;oue  this  operatiou  is 
called  unwa$htd  wool;  and  the  proecm  by  which  the  ^oaw  if 
renorcd  from  wool  is  known  by  the  oamo  of  teourinff. 

Unwashed  is  scoured  with  washed  woo),  in  a  bsih  of  300  litres  of 
W«t«r  and  72  to  78  of  putrid  iiriuc,  the  whole  being  heated  to  12S* 
or  140°  for  to/t  wool,  and  to  158°  or  \f>'°  for  harth  fcoot  Aftw 
dipping  8  or  4  kilog.  of  unwashed  wool  into  the  bath,  and  stirring 
it  with  a  Mick  for  10  minutes,  they  are  removed,  and  allowed  lo 
drain  over  the  kettle ;  the  same  being  done  with  another  lot  of  8  or 
4  ktiog.,  until  about  40  kilog.  in  all  nave  been  thus  treated.  6  or 
7  kilog.  of  putrid  urine  are  then  added,  and  60  kilog.  of  washed 
wool  passed  througli  it,  which  is  itcnurcd,  both  by  the  carbonate  of 
ammonia  of  the  putrefied  urine  and  the  alkaline  substances  yielded 
by  the  unwashed  wool.  The  same  operation  is  repeated  on  a  new 
lot  of  40  kilog.  of  washed  wool ;  after  which  a  new  dose  of  6  or  7 
fSiCTM  of  putrid  urine  is  added,  and  SO  kilog.  of  unwashed  wool 
'  irasbcd  in  it.  This  alternate  scouring  of  washed  and  imwaihed 
irool  is  continued  during  tho  whole  day,  adding  arine  at  each  frnh 
quantlly  of  unwashed  woo!.  After  tbia  operation,  the  unwaahed 
should  bo  eonsidered  as  waghed  wool,  and  treated  accordingly. 

^Vhi-n  the  wool-scourer  has  no  unwashed  wool,  ho  malcca  nn  bath 
of  650  litres  of  wntcr  and  300  litres  of  urine,  heats  it  to  120**  or 
140*',  and  poseeis  through  it  30  ktlog.  of  wool  in  5  lots,  each  of  which 
lie  leaves  in  the  bath  for  1*2  or  15  minutes,  after  which  bo  adds  1 
'  litre  of  water  and  2  of  urine,  and  then  ecoura  an  additional  portiaa 
of  30  Icilog.,  and  so  od.  Some  sconrera  add  marly  clay  to  tlidr 
Irath. 

Wafihpd  wool  contains  lew  than  15  per  cent,  of  grease,  while  tm- 
wsshed  euntaina  much  more;  and,  by  woBhing,  scouring,  and  drying, 
loses  as  much  as  60  or  TO  per  cent,  of  i\»  weight.  When  the  wash«l 
wools  contain  leas  than  5  per  ccnu  of  grease,  they  are  scoured  with 
soap  or  carbonate  of  soia. 

The  nature  of  the  fatty  matters  of  the  grease  is  peculiar,  and  they 
have  been  called  atearcrin  and  daierin;  the  £rit  of  which  is  sonble 
but  uncrystallizuhle,  while  the  second  is  oleagiaous.  These  fau  are 
not  saponified  by  weak  atluiLiite  lyes,  but,  when  they  are  boiled  for 
a  long  time  with  a  solution  of  caustic  potassa,  the  liquid  is  found 
to  contun  two  salts  of  potassa,  formed  by  peculiar  fat  acids,  which 
have  been  called  ttearerio  and  ehiteric  awit;  while  nothing  analo- 
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gouB  to  cl/corm  tae  yot  been  founil.    TIio  oxygen  of  tho  air  m&j 
possibly linvo  tome  aaaxc  in  the  formatioii  of  tJicito  f«t  acitb. 

Aftor  scouring,  tfac  wool  U  wasbed  in  river-water  io  willow  baskets. 
Wbfin  it  a  iatcadcd  to  be  perfectly  white,  it  le  exposed  for  aome 
time  in  a  moist  state  in  rooms  in  which  siilphiir  is  burned,  wEicn  the 
sulphurous  acid  fini^^hc^  the  bleaching,  (£  131,)  and  the  cxcc»:4  of  it 
is  removed  by  fresh  washings.  It  is  impoiiant  not  to  prolong  too 
much  the  action  of  the  sulpliuroua  noid,  becauae  it  cxerttt  a  dccotn- 
posting  agency  on  the  nitrngenous  sabstance  of  the  wooh 

Wool  ccntains,  in  addition,  a  proximate  sulphuretted  principle, 
which  may  be  separated  by  sacoesaive  immcrsionis  in  limcwater. 
Wool  which  has  been  hcal«d  with  a  weak  alkaline  solution  disen- 
gages sulf  hydric  acid  iFhca  it  ia  again  hcutcd  with  acidulated  watery, 
and  is  blackened  when  boUcd  with  a  sulutiuu  of  a  salt  of  lead  or 
protftsido  of  tin. 

§1742.  Raw  silk,  as  it  is  obtained  from  the  oocooDS,  is  impregnated 
with  a  gelatinous  eubstancp,  which  ciako4  it  very  stiflT,  and  gonorallj 
gircs  it  a  golden-yellow  tinge.  Thia  gnbstance,  which  forms  abont 
^  of  the  weight  of  mw  silk,  diseolTcs  readily  in  alkaline  Ii(|uids;  but 
M  the  caustic  alkalies  attack  the  sUk  itself,  soap  ia  almost  always 
Bied,  and  sometime?,  though  rarely,  carbonate  of  soda. 

This  operation,  which  is  called  tcourinif  (d<<crctis&ge)  thi  stik,  a 
tUvidt^dintothrRc  stages:  theunyiimTiiinf^, ^dcgomRiage,)&oiVin^,and 
bUoihing.  The  ungumming  is  done  in  a  tinned  boiler,  containing, 
for  every  100  parts  of  silfc,  1800  or  2500  parts  of  water  and  30  of 
aoap.  It  is  firet  boiled  to  dissolve  the  soap,  and  then  cold  water  ia 
added,  so  as  to  lower  the  temperatiirc  to  about  200°,  when  the  silk 
is  dipped  into  it  in  skeins,  supported  by  Bticks,  callt^d  tuoir»,  being 
there  left  until  all  thv  gclatiiiuus  matter  is  dissolvctl,  and  aftcrwaru 
wound  uu  a,  bobbin.  This  opi-rutiuii  lasts  from  |  to  1}  buur.  Seve- 
ral skeins  arc  then  united,  forming  a  hank,  which  is  boiled  for  1^ 
hount  in  a  bath  containing  20  or  30  parts  of  soap  for  2000  of  water, 
which  constitutes  the  froiVin^,  (^coitc.)  The  hanks  arc  imdono,  twisted 
into  skcius,  wound  on  a  bobbin,  and  then  washed  in  a  weak  solution 
of  carbonate  of  soda  and  in  riTer-wator.  The  bleaching  consists  in 
dip[ang  the  silk  held  by  the  linoirs  into  a  bath  heated  to  203^,  aod 
composed  of  :^00  litres  of  water  and  from  ."tOO  to  750  grammes  of 
white  Marseilles  Bonp.  .Silks  which  arc  intended  to  be  brilliantly 
white  arc  escpojied,  in  addition,  to  sulphurous  acid. 

PRELmiSABY  PREPARATION  Of  BTUFJS. 

§  1743.  Before  being  printed,  cotton  stuffs  are  tinged  or  thvtny 
with  the  intention  of  removing  the  (iliiment.4  which  pmject  from  the 
tissue.  The  shearing  is  perfonucd  by  machines,  called  shearing* 
maehinea,  oompooed  of  two  rerolviog  cylinders,  one  of  which,  fia- 
lushed  with  brashes,  nuses  the  nap,  while  the  other,  provided  with 
knives  arranged  spirally,  shears  it.     In  Hinging,  tlie  stulT  is  passed 
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rapiOly  over  a  metallic  cylinilcr,  heated  to  nearly  a  wli]t«-heat,  wluch 
.bunu!  off  the  down. 

§  1744.  Cottuii  Hti]tF)4  which  are  intended  to  be  perfectly  white 
tare  preriously  bleached,  which  operation  is  also  more  or  leoa  coa- 
JoIcIt  purfortDcd  oQ  good;^  which  are  to  he  printed. 

Liuen  uud  cotton  goods  are  bleached  bj  two  different  proeeuee: 
1>  By  vnshing  them  in  alkaline  Ijree,  and  exposing  them  on  tbe 
grass;  3.  By  chlorine  or  the  alkaline  hrpocblorites. 

The  first  in  ttie  oldest,  and  wu  lueu  particularly  for  bleaching 
flax  and  hempen  goodfi.  It  ig  divided  iuto  the  follovins  op<n» 
tioiw  :^1.  Atourjrtjjf,  which  cooaJsts  in  dipping  the  stuffs  Jor  34  i«^ 
in  a  woak  solutiou  of  caustic  potaesa,  heat^  to  atioui  99^, 
iag,  and  then  boiling  them  for  20  minates  in  the  same  nllcnlioe  Ije. 
2.  Tbe  b0ilinff,  which  cotisi»t»  iu  boiling  (as  was  stated  §1743)  llie 
acourod  stuflit,  afWr  haWng  washed  them  in  water,  and  cotnpreracd 
tlic-in  betwei'ii  cyliiidera.  8.  Bhacfiiug,  which  conahts  in  boiling 
them  f»f  a  Iirtiir*  with  an  nlknline  lye,  conuiining  1  part  of  caustio 
potas»  for  16  purid  of  stuff,  waalung  tiiem,  and  exposing  Ibem  for 
5  or  U  houTB  oil  the  grni<$ ;  the  alkaline  vrashings  and  exposure  oo 
the  gruds  being  renewed  until  the  stulfa  are  perfectly  uleuchod. 
During  the  exposure  on  the  gtasSj  the  colouring  matters  are  bleached 
by  the  influence  of  the  solar  raya  and  moisture;  the  absorption  of 
oxygen  conrerting  them  into  new  sabntances  more  readily  soluble 
in 'toe  fllkalinc  Iiquor<i.  Lastly,  the  stnfEs  are  passed  tbroi^  water 
heated  to  10.5°  or  120",  containing  about  ^  of  sulphuric  acid,  whidi 
dtfleolrce  the  raotuHic  oxid<.>ii;  after  which  they  are  washed  aad 
calendered. 

Thia  proceaa  requires  a  great  length  of  time,  and  bleaching  by 
chlonnc  or  the  hypochlorites  ie  more  expeditious.  The  chloriDO 
aetiiig  on  the  colouring  mutters,  in  the  presence  of  water,  decoinfMMcs 
the  water  into  hydrogen,  whieli  contbinctt  with  the  chlorine  to  form 
cliluroliydric  avid;  while  ihe  o.\ygeu  in  the  nascent  state  uxidixee 
the  rcsiaous  and  colouring  matters,  and  renders  them  soluble  in 
iilkaliiie  IJxivue.  The  hypochlorites  are  reduced  to  the  state  of  mo- 
tuliiti  cliloridcs,  and  act  at  the  same  time  by  mcaua  of  the  uaseent 
oxygen  given  off  by  the  hypocblorous  acid  and  the  baae;  while  the 
coticurrtncc  of  on  acid  cflccting  the  dceompontion  of  the  hynochJe- 
rites  Irosteu  the  bleaching.  Thus  in  both  processes  it  is  in  the  end 
ulwitys  an  oxidizing  action  which  eS*eet8  the  blenching  ojid  deetmo- 
tion  of  the  foreign  substances. 

Hypochlorite  of  lime,  dissolved  in  water,  a  now  solely  used  in 
bleaching;  and  it  ia  preferable  to  all  dilute  solutions,  because  h  ia 
le«s  liable  to  iujnro  the  ligneous  6brc  of  the  tiseno ;  altbongb  the 
bleaching  llien  re<|aire3  more  time. 

Tlio  siulf^  after  being  poised  over  tbe  heated  cylinder  to  be 

singed,  are  imniediutcly  dipped  into  a  vat  (i!!c-d  with  water  to  cool 

remoiit  for  'M  hoar»,  and  loee  a  coasiderable 
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portion  of  tlieip  Botuble  principles.  They  an*  then  to  be  perfiHStly 
dried,  either  hy  being  beaten  or  compressed  between  cylindera. 
and  then  kept  fur  1 2  hours  in  a  rat  filled  with  vrater  heated  by 
fttearn,  where  they  are  arranged  in  aiternatc  layers  with  slaked  licno. 
After  being  again  beaten,  thej  are  left  for  12  hoam  in  a  lye  of 
caustic  soda,  consisting,  for  300  parts  of  stuffs,  of  10  parts  of  cauft- 
tic  soda  for  1500  of  water.  This  lye  is  replaced  by  another  con* 
taming  only  7.6  of  sodn,  which  is  also  allowed  to  act  for  12  hoars; 
after  which  tlie  stulls,  pressed  dry,  arc  passed  tlirough  tlio  liypochli>- 
rit«  of  lime,  and  then  through  sulphuric  acid.  The  bath  of  hypo- 
chlorite generally  contains  0.16  litre  of  chlorine  in  n  litre  of  water; 
and  the  stuffs,  aftor  being  inimorftod  in  it,  aro  passml  between  two 
wooden  cylindcrH,  ilcsccniliug  thoncc  immediately  into  a  bath  acida- 
Uted  with  sulphuric  or  ckloroliydric  acid,  which  haatoos  the  blcacbtnc 
by  isolating  the  liypochlorous  acid.  After  being  washed  in  frcab 
water,  they  are  for  a  second  time  subjected  to  the  action  of  alka1in« 
lyc9,  hypochlorite  of  lime,  and  iho  acid  bath;  and  laitlly,  after  an- 
other  washing  in  fresh  water,  they  arc  dried  in  drying-tnacliincs, 
and  more  f>ody  i$  given  to  thoni  by  dressing  them  with  starch, 

S 1745.  The  tissues  of  muslin  or  Unea  8tuf&  have,  for  a  great 
Dumlicr  of  colouring  Kiibala.ace»,  an  uflinit^  sufEciently  nowerful  to 
fasten  them  on  their  sorfaee,  and  to  &c<(mrc  a  deep  colour;  while 
the  co)nbin:tiion  is  rurely  strong  eaougli  tti  enable  theiii  1u  resist 
washing,  particularly  with  alkaline  eoupi.  They  are  zaade  fatil,  and 
at  the  !«amc  time  the  colour  is  heightened,  by  previously  depositing 
on  the  tis»nc3  certain  substances  which  have  a  greater  affinity  for 
these  tissues  than  the  colouring  matters,  and  which  pos9cs9,  at  the 
9anio  time,  the  property  of  forming  with  the  colouring  matters  com- 
pounds ;»nllicicnlly  fi.veil  to  resist  washing  in  fresh  water  and  in  6oa|>- 
suds.  These  nubittances,  which  thus  play  an  intermediate  part 
between  the  woven  fubric  and  the  colouring  matters,  are  called 
mordantM.  The  affinitiei*  by  virtue  of  which  they  are  fastened  on  the 
fabric  exhibit  this  essential  difference  from  those  obserred  in  ordinary 
chemical  operation*,  that,  in  the  latter,  eombination  generally  ensues 
oidj  between  disaggregated  substancet*,  and  if  one  of  the  substances 
is  originally  ager«gabM,  it  becomes  diHaggregated  b^  the  nimplc 
£Ht  of  combination;  while,  in  dyeing,  the  woven  fabric  retains  its 
form  and  consistence  without  being  in  the  slightest  degree  disaggre- 
gated by  the  mordantt  and  colouring  matters. 

Certain  mordanta  do  not  change  the  shade  nf  the  colouring 
matters,  such,  for  example,  as  the  salts  of  ahimina  and  chlorides  of 
tin;  white  others,  on  the  contrary,  alter  the  colour,  as  tbe  salts  of 
iron,  manganese,  and  copper.  The  salta  of  alumina  loed  as  mor- 
dants are  the  Eulphate.  and  acetate  of  alumina,  and  alum ;  the  fast- 
ening of  colours  with  alum  being  a1»o  called  aiummg. 
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In  order  to  alum  cotton,  fiax,  or  bein|>eQ  stufls,  tkcnr  arc  left  for 
24  hours  in  a  Uspid  bath  cnatAin'mg  1  port  of  alum  for  6  parts  of 
fabric,  nhen  a  portion  of  the  alum  adlicring  tu  the  fltuff  render*  thi 
Ijkttcr  fit  for  tlyoiag.  For  dark  colours,  the  ordinar;  alam 
mercc  is  used ;  Bomaa,  or  purified  alum,  (§  GOO,)  being  prefe: 
bright  coloDis,  because  common  alum  alna^s  contaiDs  a  smaQ 
i^aantit  v  of  sulplute  of  iron,  which  vould  modifjf  the  shade. 

Wool  18  alumcd  hj  b«ing  first  boiled  in  bran-water  for  ad  hour        ' 
mid  washed  in  fre«b  water,  uud  then  kept  for  2  hours  in  a  boiling 
solution  which  contains  10  to  16  per  cent,  of  nlum,  a  eniall  quantii  r        < 
of  creaiD  of  tartar  buing  generally  added,  which  facilitatca  the  de-       ' 
poBit  of  the  alumina  on  the  tissue,  perhaps  by  eonvortiug  a  portioii 
of  the  sulphate  of  alumina  into  a  tartrate  of  more  easy  dccooipoei-        ' 
tion.    When  the  wool  is  alumed,  it  is  left  to  rest  for  2  days,  before 
dyeing,  in  order  to  render  the  combination  of  the  mordant  with  the        '■ 
fibres  more  intimate. 

Silk  is  alomcd  when  cold,  by  kccpinr  it  for  15  or  16  hoars  in  a       j 
hath  containing  ^  of  alum ;  after  waicu  it  is  removed  and  washed.-^H 

AcetateofalamiiLik,  which  is  often  usedas  a  mordant  for  li^eoa*^^ 
Btnflft,  and  fur  certain  colours,  is  prepared  by  decompueting  alom  by 
acetate  of  lead ;  the  solution  of  acetate  of  alumina  thus  obtained 
being  generally  thickened  Mith  starch  or  gum. 

Stui^  of  lignin  mordanted  with  alum,  are  agajn  snhjected,  belbn, 
being  dyed,  to  another  operation,  the  rlTcct  of  which  is  not  well 
derstood :  they  are  immersed,  for  some  time,  in  two  baths  of  water, 
contuining  6  or  8  per  cent,  of  eow-dung.  To  the  first  of  these  baths  a 
certain  quauiity  of  chalk  is  added,  the  intention  of  which  appean 
to  be  to  saturate  the  acid  partly  adhering  to  the  tissue  with  the 
mordant;  while  the  second  contaliui  only  water  and  dung.  The 
temperature  of  these  two  baths  rarics  according  to  the  nature  of 
the  xtuffs  and  that  of  the  mordants.  The  cow-dnng  appears  to  act 
by  means  of  the  phosphates  it  contains,  for  a  mi^cture  of  plioepbale 
of  soda  and  lime  can  be  substituted  for  it. 

Protochlortde  of  tin  is  chiefly  used  for  obtaining  the  oxide  of  tin 
as  a  mordant,  which  adheres  very  firmly  to  the  tiHsue^.  Bichloride 
of  tin  is  often  used  for  freshening  colours,  particolarly  thoM  of 
cochineal  and  madder.  The  monlaut  of  oxide  of  iron  is  fiirnisbed 
by  the  protacetate  of  iron,  prepared  by  the  reaction  of  ryroligowM 
acid  on  old  ircMii  "^^ 

§  1746.  After  the  stuffs  are  mordanted,  they  are  immersed,  in 
to  be  dyed,  in  solutions  of  colouring  matter,  of  various  tempt.*ratnm, 
and  then  left  for  a  longer  or  shnrter  time,  according  to  the  iiatun*  of 
the  stuff  and  the  tint  of  colour  to  be  obtained.  It  is  csseulial  that 
all  parts  of  the  fabric  »bnuld  rrmaln  tlie  same  length  of  time  in  the 
dye ;  to  which  effect  it  is  rolled  around  a  irooden  roller  suspended. 
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over  the  djo-tub,  Bnd  is  unrolled  throagh  the  tub;  this  proo<lij 
continued  until  the  colour  bait  obtained  the  sh&de  reqaired. 
order  to  obtain  a  imiform  shade,  it  is  better  to  mm  Bcveml  niceesOTd 
baths  of  different  strength,  commencing  with  the  weakest.  The 
bathfl  are  sometimes  eomposod  or  a  single  coloaring  matter,  itad 
sumctimca  of  n  mixture  of  several,  while  n.t  other  times  the  stuff  is 
passed  sueccssivelj  through  two  lullis  containinj;  different  eolours, 
and  thus  un  intermediate  Bl&de  is  obtained.  The  colours  arc  fut- 
ened  hy  washing  in  Boapsiids  or  in  other  solutiomi. 

It  would  lead  ua  too  far  to  give  a  deMription  of  the  methods  of 
prepftring  the  different  solutions  for  dj-eing,  and  the  manipulationg 
of  the  process. 

Qilteo  and  other  prtnttn^. 

§  17-17.  Designa  of  various  colours  are  printed  on  smooth  goods ; 
the  impression  being  uffccted  titJicr  by  sn  actual  printing  off  of  the 
colouring  matter  by  means  of  wooden  btockfl  can-ed  in  relief,  or 
QQEraveu  rollem  of  copper  ;  or  hy  the  sole  applioLtion  of  mordants 
followed  by  dyeing  in  the  tub.  In  the  latter  case,  the  colouring 
matter  adheres  only  to  the  mordanted  designs,  the  latter  retaining 
the  shado  di'sirod.  and  the  ground  of  the  stuff  preserving  its  origind 
colour  after  being  washed. 

Colouring  mftttcrs  printed  directly  on  stuffs  should  be  thickened, 
80  that  they  will  not  run,  and  that  the  designs  may  retain  their 
sharpness.  The  thickening  subetaiiees  nued  are  stat^,  gum-sene- 
ga), and  gum-tragacanth,  to  which  a  certain  <insntity  of  pipe-clay, 
and  sometimes  of  gehitui,  in  often  added.  Tlie  stuffs  should  be  pre- 
viously mordanted,  or  the  mordant  incorpomtcd  with  the  colour. 

§1*48.  In  order  to  oxpliiin  how  designs  are  produced  by  dyeing, 
we  shall  give  some  examples.  Let  iis  suppose  that  a  red  design  is 
to  he  produced  on  a  white  ground:  the  aesign  is  then  printed  on 
the  stuff  with  a  thickened  mordant  of  alum,  and  the  stuff  passed 
through  the  madder-tub ;  when  the  colouring  matter  adheres  firmly 
only  to  the  mordanted  design,  which  alone  will  remain  red  after 
washing.  If,  on  the  contrary,  a  white  picture  ia  to  be  produced  on 
a  red  ground,  the  picture  is  first  printed  with  a  properly  thickened 
oleaginous  substance,  and  p.iiu)ed  through  the  mordant,  by  which 
meaiu  the  picture  is  reaervd,  and  when  the  stuff  ia  paMsed  through 
the  mftddcr-lub  the  ground  alone  will  be  dyed  red.  Another  method 
Etill  may  be  employed  by  dyeing  the  stuff  of  a  uniform  red  colour, 
and  printing  the  design  witn  a  non^volatile  vegetable  actd,  such  as, 
for  example,  citric  or  tartaric,  Hufficiently  thickened ;  after  wliich  it 
is  pa.t3ed  through  a  bath  of  hvpochlorile  of  lime,  which  imme- 
diately  destroys  the  picture,  nitnont  attacking  the  ground.  This 
proeeKi  is  called  ducharging  the  colour. 

In  order  to  obtain  a  violet  design  on  a  more  or  Ices  deep  red 
ground,  the  stuff  is  mordanted  wilu  alum,  and  the  design  printed 
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vitb  a  thickoniKl  mordant  of  iron,  and  then  puiASod  through  tb« 
madder-tub;  vrfacn  the  ground  will  becoiae  red,  and  the  dma 
nolci.  If,  on  the  contrary,  a  red  design  on  a  tHolct  ground  ii  ae- 
nred,  the  stuff  is  passed  through  a  mordoDt  of  alnraina,  and  the 
deugn  printed  with  an  oilir  anbstance  ;  and  after  bong  mordanted 
with  acetat«  of  iroa^  the  oily  reserve  u  removed  by  idksline  lyes, 
and  the  stuff  is  passed  through  the  madder-tub. 

Doeigng  of  more  than  two  colours  are  obtained  by  machines  cotn- 
poeed  of  MTcral  cylinders,  each  of  which  prints  a  peculiar  mordant, 
iOr  reserve,  or  aciU  on  the  stulT,  wliich  then  pasties  into  the  dif- 
{iercDt  dye-Tats.  Although  the  procesites  described  arc  far  from 
being  the  only  on«8  used  in  dyeing,  they  will  iservo  lu  givo  agenend 
idoa  of  the  art. 

Fixing  »f  Cohura  fty  Steam. 

§174!).  Many  colours  are  more  firmly  fastened  and  afford  more 
henutlfu)  shades  when  the  dyestufls  are  expoiied  to  the  action  of 
steam.  Under  the  tntlucnco  of  heat,  the  irovcn  fabric  and  ouloufing 
mxtten  become  more  closely  combined,  and  the  shades  are  oE 
modified  in  a  peculiar  manner. 

§  1750.  Skinn  of  animaJa  soon  become  putrid  in  rooiot  air; 
although  they  will  preserve  for  a  long  time  in  dry  air,  ihcybeeotBe 
I  ]iArd  and  brittle.     The  intention  of  tsnoing  h  to  combine  the  uu- 
fntal  substance  with  a  certain  quantity  of  tannin,  which  rendcn 
[them  imputre&cible,  and  gives  them  softness  and  impcrmeatili^: 
;  while  the  latter  properties  are  still  further  increaited  by  the  nrocen 
of  currying.     A  tanned  hide  is  called  Uather.    Three  Inndf  of 
sicins  arc  used  in  tanning:  green  htdfn,  or  the  frcsli  skins  brought 
to  the  tanner  soon  after  the  doath  uf  the  nntmal ;  and  drtf  and  tail 
hidcft  which  come  from  foreign  countrien,  chiefly  from  South  Ame- 
Tica.     Hides  are  divided  into  two  kinds:  toft  kUles,  which  retain 
their  suppleness  after  tanning,  and  hard  hidct,  which,  on  the  con- 
trary, are  to  be  very  hard,  and  as  impervious  us  puesible.     8«fk 
hides  arc  made  from  the  sltins  of  cows,  calves,  horses,  etc. ;  wliile 
those  of  the  ox  and  buffalo  are  reserved  for  hard  hides.     Very  thin 
ftod  soft  hides  are  prepared  from  the  ekiiia  of  sheep  and  g«ats 
which  are  used  for  msKing  gloves  or  in  the  manufacture  uf  mo* 

y^  fikins  intended  for  soft  hides  arc  subjected  to  a  prevtoua  washins 
in  Ttuuiing  water,  iu  order  to  soften  nnd  took  them,  and  remove  sQ 
their  soluble  principles  :  which  operation  lasts  only  for  2  or  8  days 
for  green  skins,  hut  for  a  much  longer  time  for  dry  or  aalt  slitiu, 
because  the  Utter  ntual  be  Aubmitted  Lo  several  washings,  trcoding8« 
and  strelehingy,  beforo  they  nctiuire  the  necessary  pliancy. 
After  being  soukvtl,  the  skins  are  carried  to  the  acalding-vattt 
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consistiDg  generally  of  five  vessels  filled  with  milk  of  lime,  of  greater 
or  lfl«  Btrcnj^th.  The  ekins  pnaa  suiiecsflively  throagh  them,  com- 
mendog  witb  tho  weakest.  E»ch  rat  contaiiia  from  200  to  300 
•kins ;  the  whole  oprratinn  listing  8  op  4  wccka. 

This  boiiig  done,  the  hair  is  rcmoTcd,  by  scraping  the  ekina  from 
sbovc  downward,  with  a  dull  knife  ;  nfter  which  they  nre  voshcd 
and  worked  on  the  horse-heam:  let.  In  order  to  remoTe  any  fiorapB 
of  flesh  which  might  adhere  to  them  ;  2dly.  To  remove  the  iwele«8 
portions,  and  the  edges,  wliich  are  always  thicker  than  the  other 

Carts ;  fldly.  To  smooth  the  asperities  which  cover  the  skin  on  the 
airy  side,  which  ig  done  with  a  piece  of  well-oemented,  hard  sand- 
stone; 4thly.  To  coinplptflv  cleanse  both  sides  of  the  ekin,  which 
is  done  with  a  circular  knife,  wetting  the  skin  freqnently.  After 
these  Tarionfl  operations,  the  skins  are  raited;  that  is,  they  are  left 
for  several  days  in  weak  aelds,  for  which  purpose  the  oo»,  (jus^e,) 
or  infnsinn  of  (an,  is  generally  use<l,  consisting  of  the  tan  oxhaiistea 
by  the  tanning  of  skins  in  the  vats,  and  which,  after  having  become 
acid  in  the  air,  contains  a  certain  quantity  of  lactic  acid.  I>nriDg 
tlie  first  four  days,  the  skins  are  removed  every  day,  fresh  oom 
being  added  each  time ;  after  which  they  arc  allowed  to  remain  for 
S  or  4  days  in  the  ooze,  and  arc  then  carried  to  a  weak  infusion  of 
new  tan,  where  they  remain  for  15  days,  increasing  th$  stre&gth  of 
the  liquid  from  time  to  time.  They  itius  undergo  a  kind  of  preli- 
minary tanning,  and  are  prepared  for  the  ultimate  tanning,  in  tb« 
vats.  The  latter,  which  are  of  mason-work,  are  finrt  charged  with 
a  layer  of  old  tan,  about  O.IG  m,  in  thickness,  then  with  a  la3"erof 
fresh  tan,  only  a  few  centimetres  thick;  after  which  the  skins  arc 
laid  upon  eacli  other,  being  separated  by  layers  of  tan ;  and  lastly, 
above  the  last  coat  of  tuu  a  luycr  of  old  tan  is  placed,  0.3  m.  in 
thickness;  when  the  whole  is  covered  with  boards,  kept  down  by 
heavy  stones.  Enough  water  is  then  let  iu  to  moisten  the  whole 
mass,  dissolve  the  tannin,  and  bring  it  successively  in  contact  with 
the  skins.  The  vats  thus  tilled,  and  coataitiiug  GOQ  or  700  skins, 
are  left  fur  5  or  8  months,  during  which  time  the  skins  are  only 
OQCC  taken  out,  in  order  to  renew  the  Can  between  them. 

§  1751.  In  making  coarse  leather,  the  scalding,  which  here  Is  not 
sufficiently  efficient,  is  replaced  by  a  slight  putrid  fermentation  of 
the  skins,  in  rooms  warmed  by  steam.  The  hair  'n  then  removed 
in  the  (ordinary  way,  and  they  are  placed  in  the  ooz<e,  the  raising 
Iwing  aoooleratcd  by  the  addition  of  a  small  (luatitity  of  sulphuric 
acid  from  time  to  time ;  after  which  they  are  buried  with  the  tan 
in  the  vata,  ^hcre  they  are  left  for  18  months  or  two  ycara. 

Hides  may  be  tanned  mach  more  rapidly,  by  keeping  the  swollen 
skins  for  2  or  3  weeks  in  infusions  of  tail,  which  arc  frequently  re- 
placed by  stronger  ones.  The  leatlicr  thus  made  ta  not  so  strong, 
and  has  a  deep  colour,  which  keeps  down  its  price. 

%  17o2.  After  being  laDoed,  the  bides  are  cleaned  on  tables,  with 
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truflhcs,  sod  then  ilried  in  the  air,  nben  thej  are  hamniered  or 
:  rolled,  so  as  to  give  them  the  proper  consLitence ;  after  which  the/ 
'lu-o  sold  to  the  carrier,  when  tbej  andergo  varioos  mochantcat  ow- 
[ntiiHis,  and  are  impregnated  villi  fatty  aubstanceH,  arcorditig  to  uw 
rm69  to  which  they  are  destined.  Leather  le  gcoerallj  oolovr*d 
[blnrk  witli  acetate  of  iron,  made  by  dissolring  scropH  of  old  iron  ia 
laour  beer;  several  coatj  of  this  »alt  being  possed  over  the  surface 
Ffif  the  leather;  when  the  tannin  combines  with  the  protoxide  of 
I  iron,  which,  by  the  action  of  the  uir,  passes  into  the  state  of  aeaqni* 
'  oxide,  and  prodace^  a  very  intense  black. 

§  1T53.  The  sheep  and  kid  akins  used  for  glovo  making  are  cleaoeil 
f  It  smearing  the  fleefar  side  with  a  mixture  of  lime  and  orpiment, 
men  iu  24lioura  tbe  riair  cornea  off  with  the  greatest  ease.  The 
skins  arc  then  worked  into  various  shapes  on  the  beam,  aod  are 
then  immersed  for  3  weeks  in  winter,  and  only  2  or  8  days  in  amo- 
ner,  in  a  braa-batb,  which,  by  fermentation,  prodaces  lactic  acid, 
and  effects  the  raising  of  the  akios.  The -latter  are  then  made  im- 
putrescible,  not  by  tannia,  but  by  chloride  of  aluRtinnni,  for  which 
purpose  they  are  dipped  into  a  hot  solution,  contaioing,  for  each 
skin,  $00  to  MQ  gm.  of  slum,  and  150  to  200  gm.  of  sea-salt.  They 
axe  then  bleached,  by  immersion  for  12  hours  in  a  bath  cotnpowd. 
for  each  skin,  of  600  or  700  gm.  of  flour,  and  the  half  of  the  yolk 
of  an  egg,  which  is  beaten  to  the  consistence  of  honey,  adding  the 
tepid  liouor  which  nas  u»ed  for  aluming.  The  skins  are  then  tuied, 
and  subjected  to  various  mechanical  operations. 

§1754.  Morocco  is  chiefly 'made  from  goat-skins,  which,  after 
being  flefthed,  and  deprived  of  their  hair  by  lime,  arc  waahed  for  a 
long  time  with  the  greatest  care,  in  order  to  entirely  remove  the 
lime,  which  would  injure  their  quali^ ;  and  to  effect  this  more  per- 
fcctly,  they  are  left  for  24  hours  m  a  bath  of  sour  bran.     Snoi 
[intended  to  he  dyed  red  are  sewn  together  by  twos,  the  fleshy  aide 
j  ■within,  80  as  lo  form  a  bag  which  will  hold  air;  after  which  they  are 
"      ed  into  a  batlt  of  chloride  of  tin,  whiuh  actH  a.i  a  mordant,  and 
Bciucntly  intii  nne  of  cochineal,  to  dye  them.     After  being 
ed,  one  side  of  the  bag  is  ripped  open,  and  the  tanning  matter 
[Sntroduced,  the  latter  in  thi«  case  consistiog  of  somac,  which  is  much 
'  richer  in  tannin  than  tan  is;  and  they  are  then  stirred  for  4  boors 
in  a  weak  solution  of  eumac,  where  they  are  left  for  two  days, 
q  wtdch  i»  to  be  dyed  of  any  other  colour  than  red  is  tanned 
^ I  HbS  dyed  ;  and  in  all  cases  the  skins  arc  subjected  to  nu- 
merous mecnanieal  opcnitiona  before  being  fit  for  sale. 


CABBOinZATlON  OF  WOOD  AND  BITtTMlNOtJS  COAL. 

§  VJ5S.  Tlic  greater  portion  of  charcoal  used  i»  made  iu  the  w 
by  earhonizing  wood,  in  piU.^     On  a  very  hard  hearth,  three  or  four 
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large  stiolu,  forming  a  chimney  of  from  0.25  ta.  to  0.30  m.  iu 
tcQgth,  &re  arranged  vertically ;  and  atvuiiJ  thU  chimney  the  wood 
is  Bet  upright,  in  three  different  stories,  tJio  diumotera  or  which 
diminish  Buccessivcly,  so  as  to  form  tho  trunk  of  a  cone  resting  on 
its  larger  baac.  The  krgfut  sticks  arc  placed  nearest  the  axis  uf  the 
kiln,  and  the  emalk-st,  with  the  branches,  near  thoBorfaeo;  kfter 
which  the  pit-kilu  ik  covered  with  curth,  leaves,  and  coal-dust  Aris- 
ing from  preceding  operations.  Holes  jiierccd  through  the  base  of 
tho  pit  allow  uf  the  introduction  of  the  air  uoecssary  to  oombusliou. 
AVheD  the  pit  is  bailt,  a  fire  of  pine-wood  is  made  in  the  chim- 
ney, aad  kept  up  for  2  or  8  hours,  at  the  end  of  which  time  it 
htut  couiiuuiiicateii  to  the  neighbouring  logs,  and  the  chimney  U 
almost  wholly  filled  with  small  cbarcool:  it  is  then  covered,  and 
holes,  which  act  an  chimneys  and  draw  combustion  to  the  purls  thi-y 
penetrate,  are  made  around  the  upper  part  of  the  pit.  Thick, 
white  smoke  at  first  escapes,  hut  It  aoon  becomes  transparent  and 
bluish,  which  is  n  sign  that  combuHtion  is  progressing  in  the  upper 
part  of  the  kiln.  The  upper  holes  are  then  closed,  and  others  made 
soraowlmt  lower  down,  which  are  again  closed  when  the  same  smoke 

r'n  uppeaxs,  others  being  mude,  and  so  on,  until  the  boltem  of 
pit  is  reached.  Carbonisation  thus  extends  from  above  down- 
mra;  and  the  enrface  of  reparation  of  the  carboniacd  wood  and 
that  yet  untouched  by  the  fire,  is  an-  inverted  cone,  having  the  same 
uds  with  that  of  the  pit,  and  spreading  more  and  more  as  carboni- 
zatioa  advances,  to  be  at  last  lost  in  the  base  of  the  pit.  The  wood 
diminishes  considerably  in  volume  by  carhonixation,  and  the  pit  be- 
comes smaller.  When  carbon ixn.t ion  is  terminated,  tho  opeuinga 
arc  closed,  and  the  lire  Is  allowed  to  go  out,  after  which  the  heap  la 
overturned,  and  the  imperfectly  carbonized  pieces  are  picked  out, 
which  would  .'unoke  in  the  fire. 

The  gafies  evolved  during  combu»tion  are  composed  of  nitrogen, 
which  proceeded  from  the  uir  used  in  combustion ;  carbonic  acid 
and  oxide,  protluced  putly  by  active  combiutioo  of  the  wood,  and 
partly  by  its  calcination:  byurugcu  ;  vapour  of  water ;  and  several 
organic  substances  furnishca  by  the  distilUticn  of  the  wood,  among 
which  may  he  dLntingui^hed  acetic  acid,  wood-^tpint,  and  tarry  aub* 
stances.  The  relative  proportion  of  all  these  products  varies  at  the 
different  stagcji  of  the  process. 

Wood  yields,  by  carbonization  in  pits,  about  15  per  cent,  of  char- 
coal, and  2fi  to  SO  by  distillation  in  close  veSBcU;  but  tbe  latter 
process  is  one  adoptoa  with  advantage  only  in  the  making  of  pyro- 
liEnMos  acid  and  tor,  tlto  churcuul  thus  obtained  being  not  much 
valued  on  account  of  its  lightness. 

§  17&Q.  Bitumiaoua  coal  is  oRen  carbonised  in  pits  in  tbe  vicinity 


must  nol  iM  Mnfoaniled  with  lh«  unal  nwuklng  ofUtt  wanL    Tlia  Oarmaa  aft«i« 
nuiirr  U  used  in  Bagtud.— IT.  L.  F. 
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of  tho  mines.  The  pttii  gPDerally  receive  an  elongsted  prianotk 
^Bltape,  sad  contftin  homotiMl,  longitudi&ftl,  and  trftiUTCTM  eaaall, 
tbetudeu  vertical  obironc^rs,  for  tbe  circulation  of  nir.  Tbc  Ui^en 
nunpe  of  coal  are  placed  on  th«  inade  and  the  nnallcst  oo  the  mtt- 
l^de;  vhile  tlic  covering  is  made  of  ooal-duat  and  ook«,  moistencii 
rto  give  it  more  consietcaco.  TKo  process  closely  rcscmblee  that  of 
Ljoakiag  wood-charooal. 

Cok(>  is  also  mode  hy  eubjecting  the  bitaminous  coal  to  imperfcvi 
'tombnstion  in  rurnaccts  where  the  ingroM  of  air  U  so  regulated  as 
to  cooBume  the  least  poesible  qoaDtity  of  carbon. 

Lastly,  coke  vs  obtuiacd  bj  the  didtillatioo  of  bituxninons  co&l  in 
Btoits,  the  principal  product  oeing  illumiuating  ga»,  while  tlic  coke  ji 
"only  an  acwssory  product ;  tad  ae  it  is  Tery  light,  it  is  used  only  for 
domeatic  porposea. 

ILLUMtNATniG  GAS. 

§  17fi7-  Illuminating  gas  Is  generally  obtained  from  the  caldna- 
tton  of  bituminous  coal;  but  all  kinds  are  not  equally  adapted  to  the 
purpose,  the  best  being  those  designated  (S  131^)  under  the  name  of 
hituminout  f9al  burning  teith  a  loitgjlame.  The  coals  of  Mods  and 
Commentry,  which  are  generally  used  in  Pnrie,  yield  on  aii  average 
22  cubic  metres  of  gns  for  100  kilog.  Diiitillation  iii  effeetcd  in  Isrce 
cylindrical  cast-iron  retorts,  ranged  parallel  to  each  other,  to  lEe 
number  of  2,  3,  or  5,  over  the  same  fumnce ;  each  retort  being  pro- 
riiled  nith  a  vertical  tube,  through  which  the  cool  is  iuiroducoo,  and 
to  which  iR  fastened  the  pipe  for  the  digchargo  of  the  eas,  Tha 
temperature  of  the  furnace  should  be  kept  at  a  bright  caerrjr  red, 
because.  If  it  is  greater,  the  gas  does  not  give  much  light,  for  tbo 
bicarburetted  hycrogen  gas,  and  the  very  volatile  oils,  tu  which  ibo 
brilliancy  of  the  flame  is  chiefly  owing,  deposit  carbon,  and  are  eon- 
verted  into  protocarburctted  nydrogea,  the  combustion  of  whidi 
^res  but  little  tight ;  and  if,  on  the  contrary,  the  tempcraturo  is 
too  low,  a  large  quandty  of  ensential  oil  is  formed,  which  cannOC 
remain  in  Kuspcnnion  in  the  gas,  bat  is  deposited  in  the  refrigeraton. 
The  duration  of  distillatiun  varies  according  to  the  (janlity  of  the 
coul,  \\A  bygromctric  state,  and  the  arrangmont  of  the  apparatus ;  and 
the  reaidue  oonsista  of  a  light  coke,  much  used  for  domestic  nurpoees. 
!%£  gas  produced  by  the  dLslillalion  of  blluminQus  coal  is  com- 
posed chiefly  of  protocarburctted  hydrogen,  mixed  with  various 
.^oantities  of  bicarburetted  hydrogen,  byorogea,  oxide  of  carboo, 
iciarbonic  acid,  nitrogen,  oleaginous  matters  more  or  less  easilv  con> 
doused,  ammooiacal  and  sulphuretted  compounds,  and  tarry  aab> 
stances.  As  in  tliis  state  it  cxlmk-s  a  very  fetid  smell,  and  the  pro- 
ducts of  its  combustion  arc  themselves  odorifcr^uK,  it  is  neoessary 
to  puriiy  it,  especially  for  domestic  use;  to  which  effect  it  is  nm- 
Tcycd  mmi  the  retort  into  u  itmnll  barrel,  partly  filled  with  water, 
through  a  pipe  entering  the  liquid  to  the  depth  of  2  or  it  centime- 
ties,  %o  as  to  intercept  the  ommuuication  of  the  retort  witb  the 
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appsnitas  in  irhicb  the  gtis  is  collected.  Tbc  jp'ciiter  part  of  tl^e 
water  and  tar  eondeuses  in  the  barrel,  wbicli  h  fumislied  with  a 
(liAcliarging-pipc  to  maintain  a  conetunt  k-vcl  in  tlic  barrel,  and  to 
allow  tbo  excoes  of  tlio  condensed  products  to  escape.  The  gus  on 
leaving  the  barrel  traverses  o  series  of  pipes  more  or  lew  cooled,  in 
which  the  coiidensalion  of  the  water  and  tar  is  completed,  is  then 
conducted,  through  bcx&s  contaiQing  metallic  salts,  ctiicfiy  chloride 
of  manganese  and  sulphate  of  iron,  wbichdecnmpo^e  the  ammoniacal 
salt*,  and  isolate  the  sulf  hj-dric  acid ;  and  finally  passes  through  other 
boxes  containing  hydrnteil  lime,  which  absorbs  the  solfhyuric  gas, 
the  carbon  acid,  and  the  other  add  -t-apoiirs.  But  these  piirificntiona 
must  not  be  pushed  too  far,  because  the  gas  would  be  deprived  of 
too  much  of  its  oily  vapours,  and  ita  illuminating  power  would  bo 
sensibly  dccroasod. 

The  gas  is  collected  in  ffaxometers,  resembling  itnmenite  bclht,  made 
of  sheet-iron,  and  inverted  in  cisterns  of  con-esponcUng  site,  built  of 
hydraulic  mason-work,  and  filled  with  water.  The  weight  of  the 
gasometer  \s  partiallj  balanced  by  counterpoises,  which  should  leave  it 
only  the  weight  necessary  to  the  pressure  required  for  the  distribution 
of  the  gas  to  the  vaiions  jets  it  is  to  feed.  The  pressure  ia  composed 
of,  Ist-  The  rcsiBlaiice  which  the  gae  meets  in  circulating  through 
pipes  ordinarily  of  great  extent;  2dly.  The  excess  of  elastic  force 
WJuok  it  must  ntatu  in  order  to  feed  the  jets;  3dly.  The  pressure 
neemaiy  to  drive  it  to  the  highest  points,  the  l«vel  of  which  is  oftea 
highflnr  toan  that  of  the  ^aflometcr.  The  lust  pre&surc  may  bo  easily 
cumlatei!  after  asceruimng  the  difference  h  of  the  level  of  the 
gwomcter  and  the  highest  jet,  and  tho  density  d  of  the  gas  as  com- 
pared to  that  of  (he  air,  when  it  is  equal  to  the  weight  of  a  coLtunn 
of  water,  the  height  of  which  is  represented  by  0.001298  hd.* 


*  A  B)"r«  foonnnio&l  procMi)  of  in*nub«tupiiig  gu  hu  r«eeDiW  beea  put  in 
opCTkiioft  In  Muiol)«it«r,  Engluul.  ThrM  or  A«*  NiMia  tt*  UMd,  u«  eoatnl  on« 
or  ulilsb  la  efcftrgn)  wllli  metallio  Iron  and  oak*,  or  vtlfa  ooke  «]an«,  ui4  trarawd 
hjra  ourrent  of  9i«ain.  wblch  thiislBdMUiiipoiMllololiydPti(ceiiuid  ^xypa.  Thm% 
gwi  arc  I((l  thmugh  Uie  otlicr  rcKirU.  in  wliigli  aoal  is  iKini;  ilblilW,  wbon  Ih* 
l>(«i  hjdTffEni  combinK  witli  Uie  naacent  oaibon  rMvltJug  from  th«  d<woniporitJait 
of  lUfftcnt  hjJr(i«arboaa,  sad  fvria*  olrfinni  (;■*•  trhi«b  itnparta  o  peat  btiltluicjr 
tu  tLa  fliituc,  Tho  gnx  tbu  mnuurncturcl  in  citllc<l  A,v<'""'<"^'xt  Has;  &||J  I  liad 
opporiuolljr  to  ii«<ur«  rn^idlr  thnt  iU  ilhlmlniitlnK  pnwtr  ■■  ilntibU  UiktoronltoKr/ 
eu  uHior  the  ««ne  circumetitnco*,  whito  tli*  co«l  of  iirodndti^  it  it  at  least  iMt 
Glgber.— If.  i. /*. 
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^h        "       flulphur,  cnmpaandji  cf,  i.  St3. 

preparation  of,  1.  215.                            ^H 

^P                tlllTcretit  fnrtn*  of,  i.  304. 

ormine  dalemi  inn  Lion.  ii.  386.               ^H 

1            ••      orgftnicdiUnniaatloDor,  ii.SftT. 

Chlorofonn.  li.  fiSa.                                                 ■ 

Cubonio  odd,  analjali  of  f;a*«oaa,  t.SlB. 

Chlorohydrio  acid  and  iu  coupouiLd,  L             ^H 

liquid  aud  aolid.  i.  aia. 

^^^1 

Carbonic  udd.  prvparativn  and  pTop«c^ 

CLlarolij'Iric  «tber,  LL  HSO.                           ^^^H 

liM  of,  i.  800. 

Cliloropkjll.  ii.  70111.                                       ^^^1 

Carbonie  ethers,  Ii.  &^I!. 

CliIorouB  aoid.  i.  fLih.                                    ^^^H 

'       Carbonic  asiil«,  eudionetric uialrnfl  of, 

Chlorot^ear bonis  gaa,  i.  >31.                      ^^^^| 

i.  S2I. 

C|jole«tori9i,  ii.  M7.                                                ^^M 

Carbonic  oiid*.  prvparatJon  of,  L  S19. 

Cholio  arid.  ii.  744.                                                 ^H 

Carbum  of  iron,  iL  OS. 

CliToniaCcA.  ii.  126.                                                  H 

Carolin,  ii.  *0!l. 

Chrouio  aoid,  iL  122.                                               ■ 

CnHUagti,  IL  'iS 

Chromium,  analytie  daWrmlitatJoin  «t,  ii.              ^H 

Caeeia,  ii.  749. 

■ 

*•        Ttgttable,  ii.  4C0. 

Chromiuiu,  otidea  Of,  U.  US.                                 ^H 

Caaaiua's  purple,  ii.  S2S. 

■alu  ftt  ii-  1S8.                                   H 

Caat-irtMi,  ii.  G3. 

Chjrlo,  u.  HH.                                                         ^M 

"        nitaljiiiii  of,  ii.  III. 

Oder.  ii.  76&                                                          H 

•■        corapoailion  of,  it.  116. 

ClnnabM'.  ii.  261.                                                    ^M 

"        r«dDccd  to  bi,r,  U.  82. 

Cianamlo  add,  il  6fi9.                                           ^H 

Caattn-uil,  ti.  7vO. 

Cinuauiuu.  «il  of,  ii.  OwS.                                      ^^ 

Catt-sUcI,  ii.  lUI. 

CiuciioDiii,  ii-  614.                                           ^^^^H 

Catalooian  forge,  ii.  Gl. 

CStrio  neid,  vL  fide.                                             ^^^H 

CatiKtic,  lunar,  ii.  'J&7. 

Circular  pclaritBtioo.  (neU,)  ii.  4M.            ^^^^H 

C«dHn.  ii.  Ml. 

Oaj.  1.  ^2.                                                   ^^^M 

C«llnlqi«,  il.  446. 

Cleataga  of  oi7«taLi,  1.  Ifi.                            ^^^^H 

CemcDilDK  apparatus,  1.  622. 

Clote*.  oil  of,  ii.  OQS.                                        ^^H 

CcpMut,  aiaDtifaoture  of  hydraulic.  1.  CIO. 

Cval,  table  of  oompotitloB  of.  ii.  600.                     ^M 

Coraaia.  U.  468. 

irarit*ite  of,  Ii.  41Kf.                                        ^^ 

CerobTa]  aalwtano«,  ii.  TS8. 

Cobalt,  Bnnl/lie dc^ermiaatien of, ii.  183.                  ^| 

CariB,  ii.  70a. 

■'       oiidea  of,  il.  180.                                          ^^^M 

Cvrinin,  i.  6SS. 

"     aaluaf.                                               ^^^H 

Charcoal.  1.  fi92. 

Coehineal,      710.                                       ^^^^| 

Charooa),  pover  of  to  coailenM  gUM,  i. 

CodelD,  U.                                                  ^^^H 

807. 

Cohoion.  1.  12.                                          ^^^H 

CharrioK  wood,  Ii.  'DO. 
Cbcac  ti.  7G3. 

Coin.  ii.  S12.                                                    ^^H 

Cokinscoal.  iL  790.                                               ^H 

Cbemioal  nflinit;,  i.  IS. 

CoUodion.  ii.  402,                                             ^^^M 

Cbauieal  and  pbTrioiU  f  b«noaaia,  dif- 

Oolonrinfi  matter*,  or^aaici  iL  TM-               ^^^^H 

{           terflneo  l)»lw9en.  i.  0. 

Colutnbium.  ii.  174.                                    ^^^^| 

Chemloal  nomine lainro,  I.  U. 

Concrete,  manofaetare  of,  i.  418.                    ^^^H 

Cbemtoal  naiation  and  formoJaa,!.  73. 

Cutiiciii.  u.  *m.                                                ^M 

CbenistTjr.  d«fLBllioiior,  i.  10. 

'Cuumarin.  il.  Ml.                                           ^^^^H 

Cbelidonio  acid,  ii.  (lit. 

Copppr,  ii.  S8S.                                               ^^^H 

Cbloral.  ii.  Wl. 

aUfffs  of,  nod  *inc,  ii.  243.               ^^^^| 

Chlorate*,  i. -ilfS. 

tin,  iL  S0£.                          'H 

Clilnrin  Mid.  i.  219. 

ait^»tl«d«l*miiiftiiM>uf,ii.345          ^^^^M 
andlMsa,  tltmlng,  il.  260.                ^^^H 

Chlnridpn,  dnierminatjon  of,  i.  4SJ1. 

CblorldM.  moullic  preparBtiou  and  pro- 

••      ehloridui  of.  IL  M4.                           ^^H 

p«rti«*  of,  i.  880. 

Copper,  English  proeeai  «f  umIiIhc,  il        ^H^H 

ChlorotB«tt7.  I.  b&i. 

2M.                                                                     ^1 

^L         **'                                                                              ^^H 

708 


OZNBILIL  IKDGX. 


CapMT,  Haaalkhl  proMn  of  •■i«ldiic, 

Capper,  muUnKj  ot.  U.  S47. 

'•      •s[4w  oOt  8S7. 

••      HlU  of,  ii.  289. 

»      nIphidM,  U.  2tt. 
Cn^tiii,  it.  724.  , 

CrMMt*,  ii.  683. 
CraelblM.  I.  M7. 

CmUtliDe  foraM,  tlx  ayaWaa  of,  i.  20. 
1.  Reeiilar  aTBUn,  L  XI. 

3.  Pinetrio,  i.  2$. 
9.  H«»gonk1, 1.  SO. 

4.  Trimitric.  I.  8«. 
6.  MiHiMlinic,  1-  40. 
t.  THcUnic  i.  42. 

CryitaUUatloa  of  the  mculs,  I.  8S7. 
"  wKter  or,  i.  8S8. 

Ci7itaIl«Erft{)l>y,  ■■  14- 

CiTitali,  UM  or,  i.  19. 
■*        oleavkg*  «f,  1.  1&. 
"        niiuLun«i»Ul  foTTM  of,  116l 
■■         imMrbwliDii*  of,  i.  W. 

CiUDiD.  oiimftile  acid,  fi.  OU. 

C«p«U*tioa.  II.  196,  SIS. 

Cfuudes.  i.  434. 

Crkahjdrio  or  pnuile  acid,  1.  H2. 

C]ra»k<rdria  vr  pritHto  »ci^  *a*If«isor, 
L3t4. 

CJ«Bi»gra,  uiil;>)i  of,  L  339. 

(^uutgni,  «ri^n  uid  jir^p&raiiim  of,  i. 

Cfuiogou  prodvcb  of,  U.  080. 

D. 

DeMlcFritig  power  ar  bane  UmIc,  i.  847. 
DeUqnetMDce  and  etUore»ccDce,  i,  96. 
Deniitjr  of  Tipourn.  it.  400. 
Deporit'tnragii  for  orcoi  U.  18. 
Dcato^do  of  aitrogoii,  i.  Itt. 
Dwttria,  iL  48S. 
DiutkM,  ii.  4fl7. 
tKdjrminn,  i.  5S3. 
Dtgettloa.  LL  7S0. 

DiiDorpbim  ond  poljrmorph)>Di.  i.  00. 
DittilUtioR  of  ail  of  ntriol,  1. 1 '9. 
"  (iboKpharaa,  L  264. 

Dr^  diitiUiktiou  of  oreuuo  bodiet,  II. 

678. 
Dno^Utjr  of  noUU,  i.  368. 

Uuioh  ifaiiid,  u.  &st. 

Upiaf,  priuoipin  of,  U.  761. 

K. 
Euthcnwmro,  'r«rii>u«  kindk  1.  664, 067. 

gUio  tor.  i.  eiie. 

"  aDftljala  at,  i.  C71. 

Bulli*,  luiiilyiicd'^i^rmi&i^'Mnof,  i.6M. 
BKrtbj  mclfilii.  t.  &<It>. 
ElU^o  Mid,  u.  CO'J. 


Elconents,  cI*MtAoatloa  of,  I.  TC. 
ubalu-tlmr  of,  L  M. 
BnnlaLa,  il.  651. 
BttMlhio  Kid,  iL  no. 
Eci|[raviiig  hj  SitoliTdrio  aeid,  L  S(L 
KquiMtie  uid,  iL  &0G. 
Erbluin,  L  68S. 
EoMOtUl  oil*,  it.  «M. 
Ethal.  II.  TQl. 
Ether,  ii.  &IU. 
Ethcn,  coinpoasd,  ii,  S29r 
Etluoiu<:  ocid,  ii.  iSS, 
Blhyl  Uiwrj.  (Mte.)  ii.6«8. 
BUiylamikOBUk.  H.  CSS. 
BntUonioler.  1 104. 
UndkiniMer.  analjna  bji  tW,  L  129,  ] 

SSI. 
EnscDJe  leid,  it.  QI1&. 
BuxanUito  acid,  ii.  706. 
BTaponiioa,  L  100. 

■■  of  aolittM,  L  600l 

Bierrmeota,  Ii.  7GS. 
EsonUoM,  IL  764. 

P. 
EftM.  U.  684. 

Vermeot.  U.  D07. 

FormMiUUaa,  alcohoUo.  iL  806l 

butjrric  u4  iMtki  ii  fiMi 

Fibrin,  ii.  "a*. 

■>     TCKouble,  iL  400. 

pir»-brick,  i.  tej. 

FUm«.  tb«  naiup*  of,  487. 

Flktnelou  Inmp,  11.  841. 
Fluohydric  Mid,  wul;ii«  of,  L  2SI. 

"  oDBniTini  bf.  t.  SSI. 

"  "     prtpor«Uoa  «L  L  Sit 

Pluoriileo,  BiulfUo  dob 

4:!4. 
Fluorine,  t.  *S4. 
FIuoftpAr,  L  (M. 
Klaooiliete  odd,  i.  SOV 
Fargs-boiirUi,  U.  83. 
For^aWol.  iL  103. 
Forinto  acid,  ii.  MS. 
Forsttila.  conMnHllon  of  orguile,  IL  467 
Friabers,  catrMtloa  of  aSinx  U,  IL  f  " 
FriEonfio  mixture*,  i.  413. 
Fruil.fugftT,  iL  474. 
Fuol,  »tn(q->l,  ii.  4M. 
Ftilmlunting  mrreurr,  iL  S7A, 

■llTer.  k  SOC 
Fulminio  acid,  11.  68S. 
FunMrio  aoid,  IL  6M. 
Fiuning  Ruipliarlo  Midi  t  18fi. 
Piuibl«iK(«l.iL»«. 


■atenmiuatiMi 


OMt  »<iJ,  iL  607. 

Galrante  gihUng  and  vlrnJBg,  ft.  M 
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Oi»liiiiioplM(ics,  ii.  S3I>, 
Owlie,  oil  of,  ii.  OTS. 
GaMi,  (iialyaiM  of,  ii.  422'. 

"    coltvotion  of.  ottr  tawavrj,  i.  M. 
Oues,  condcDinUon  of,  by  churooil,  i, 

307. 
0»scB,  solubility  U'f,  ia  water,  L  101. 
Qft^DiDciir,  i.  ?;i. 
UMtrie  juice,  ii.  T41. 
(ieUtin,  ii.  72(1. 

Rclatinnui  principica  in  pluits,  ii.  478. 
QMloinr.  i.  &'il. 
Oaologicnt  diTliloD  of  Ui«  tonanlUna,  I. 

SGI. 
Qerniaii  Biker,  IL  188. 
Qiltlins,  ii   if'll- 

•'      gaUuio,  ii.  Bits. 
aiu*,  nnalyiii  of,  i.  018. 

■■      bloiriiii;  on  tha  Utilo.  i.  643. 

■■      oain|icFition  of.  1.  QH. 

"    kii»i«  of.  I,  tan. 

"      munufaclurtr  of,  I.  fiST-CIO. 

"      pripurciea  of,  )•  641. 
OImc,  I.  Cilt. 
Gtocio  ucid,  i!.  476. 
(lln^nnm  nnd  ita  ooapoiuidi,  I.  679. 
OtacoM^,  ininubeUn  or,  i].  487. 
Glii«.  ii.  ViG. 
Olnien,  ii.  460. 
Oijwrin,  ii.  680. 
Oljcocoll,  ii.  737. 

Ocil<l  and  ita  oonipoun<l(i,  it.  822. 

"    utaljtie  deunulnfttioii  of,  ii.  823. 

••    dlojriof,  ii.  no. 

••    Koa;  of.  U.  SGIi. 

"    parliiiK  bjr  acidi,  it.  831. 
Oaniomrtcr.  i.  &t. 
(1rBitiia.llng  k'***^".  ■■  l^^' 
<lrape-aug)ir,  ii.  478. 
Ouni,  ii.  4'!8. 
UiiA-eAUon,  ii.  401. 
Uiupawdir,  koiiljrBU  of,  i.  608. 
"  eoinposltloii  of,  589. 

"  inuiubeinre  of.  I.  606. 

Ooapomlcr,  WMias  ibe  tirengih  of,  E. 

Onpoirdar,  tbton  vf  itt  cffc«t«,  >.  687. 
Qntto-penli*,  L  678. 

H. 

n«iT.  it  72S- 

IlnJoid  mOu,  i.  897. 

Ilctnfttoun.  ii.'  740. 

Hemllr«p«  erjninla.  i.  6S. 

IlexsKoail  vritamor  cr^f  tab,  t.80. 

llippuric  Koid,  h.  700. 

Horn.  I!.  72a. 

flol-MMt.  ii,  77. 

Hamiii,  iL  489.  > 


Ujdnnlie  iinic.  i.  614. 

lijdrogra,  babaviour  of  UoiUt^LI 

"         •'luivalcni  of,  i.  II. 
ilTdrogvo,  orgtmie  dcteTminalioa  of,  U. 

St*. 
BjdrDgvn,  preparation  of,  i.  69. 

*■         nnt)  aracnic,  i.  263. 

"  and  clilorioe,  i.  280. 

"         ftod  ipdine.  i.  347. 

■'  and  nilrogMi,  L  162. 

■'         sDil  oxygtm,  I.  W. 

■*         ADtl  [>butphoFua,  L  370l 
nndiulphur.  i.  201. 
Hydroiygpu  lilinrtdpe,  i.  92. 
Hypncblnrntci,  anatj-^t  of)  L  OB. 
Ilj-pocbloric  i«i<l,  1.  22T. 
llfpochloritaa,  L  407. 
Ily]>oebI<iiriu  of  linn,  L  £80. 
Hypoehloroiu  acid.  I.  338. 
HTponltrio  aeiit,  i.  108. 
Ilypoplioaphittw.  L  *2S. 
11}  poplioapboroui  aciil,  i.^06. 
(IjrpoBulpkfLtcB.  i.  437. 
HxpoiaH>UU  ot  WMla,  L  iH. 
HjrpuulphilM,  i.  428. 
nyfiaiinlfihuritfMrld,  1.  W~. 

"  "  ■Blphure(t«d,l.ig7. 

n^poBuIphuroD*  ncid,  L  198. 

I. 

loliUijoooUiv,  ii.  737. 
Iilria,  aitracti«B  of  attrcarj  io,  ii.  390. 
Illuminating  KU,li,  792. 
Ilmeniun.  11. 174. 
IudlsD.ii.;i4. 
Inoiifl  oclil.  ii.  725. 
IntMtiaal  soac).  ii.  783, 
jsio*.  ii.  747. 
Id  traduction  l«  |[Mi«rsl  cbtmiatjj,  i.  0. 
Iiilroduetion   to  orgaaie  ebaaaittr*,   ii. 

861-448. 
iDuIln,  IL  467. 
lodnic*.  L  430. 
lodidfi.  metallic.  1.  3ST. 
InOidna,  analytic   detcrmlnatEnn    of.  i. 

«4. 
lodiu?,  action  of  on  Ibo  ntlali,  i.  877. 

■■    org*nic  <t«t«nni nation  of.  ii-  88G. 
Iodine,  proptrtie*  and  prBpantieo  of,  i. 

314. 
Iridiom.  Ii.  863. 
Iron,  analytic  determination  ol^  Ii.  84. 

"  ann)y»tii  of  coat,  and  lUeUii.  HI. 

'•  and  Ita  oxides,  U.  88. 

"  cascwDvarMdiDiobar-iroD.u.dSrI 
Iron,  coDiporitJ«n of  bar,  <kst,  and  itMLl 

U.  116. 
Iron,  dry  awijr  of  are*  af.  IL  lOS. 

■•    raaliing  atMl,  ii.  102. 

"    orwcf,  U.  68. 


* 


^M          800                               fciJjMHA 

^^^^^^^^1 

^H               Iron,  reduolion  of  the  am  of,  [L  €1. 

^^^^^^^M 

^H                  "    mIu  oI;  li.  44. 

^^^^^^^^^H 

^H                        ihtvl.  Md  tia-pIsK,  U.  M, 

M.            ^^H 

^H                  "    vire-<lrAwiaK.  >■■  101. 

^^^^^1 

^H          IMlil^  a  716. 

SUddn,  tt.  m.                          ^^H 

^^1              tMntorpbiam,  i.  61. 

^^H 

Mils  of,  L  6$9.                      ^H 

^1 

IkhMfhaUa  of,  L661.            ^H 

<<        bchkriour  orMlu«f,LHI. 

^^1               Jkpu  cftvlibor,  iL  698. 

Uksnctlun.  L  OM. 

^^1             ^W^E  iDMlniic,  ii.  16. 

Dhlio  ■isiil.  ii.  59>S. 

^^H 

UutfMMf.  ami  iu  oxidM.  U.  21. 

^1 

UannaMd  aiiftlytio  d«terwiinriM  it       i 

a  81.                                           ^^g 

^^M               KcnitM  nifterft],  iL  SIS. 

UuisaatM,  •eiiU  of,  iL  3fi.          ^^^^H 

^H                EftiiBl*,  iL  d:!!. 

MlU  of,  U.  2».             ^^^ 

^^H 

V*nnilo.iL4SI.                                        ■ 

1 

!lluii:I«>ld,  oilruittOB  of  uln*  iz,  u.  M8.  ^^ 

"            0i>py«rin,lL219. 

^H             LkOtIc  Mill,  )i.  ATA. 

Margarie  acid,  II.  003. 

^^V                          fcrmentnlloD,  U.  £49. 

Mnrsli  bis.  L  S30,  aail  U.  Sdl 

^H                LmIocdcIt?,  ii.  150. 

Matsire  apvaraina  for  amodc^  (.28d> 
Xlcaiuuc  acid,  il  MM.                                ^^M 

^^m                 lAiithanuni,  i.  oSA. 

^H                 Lftw  ftf  mnlUpk  I^Kiptvrliona,  L  IS. 

^^M               I^m  of  eomlMDJilioa  of  gMM.  i.  158. 

iitaibm,  iL641.                            ^^^H 

^H                              eontitnlMw  ofailU;  i.  8111. 

HarcaptEB,  tL  GS0.                        ^^^^H 

^H             J«a4,  kllon  of,  ii.  IS». 

^H                          uajdcdelmniDaUaa  of,  iL  188. 

^^M                            KD-l   U  osidpH,  li.  IT-t. 

Nf»reai1al  claUnt,  1,  M                ^^^H 

UncuiT,  U.  371.                                    ^M 

amalf ami,  li.  299.                 ^H 

^H                   "     cMting  sbfft,  IL  20$. 

Norcarjr,  anol^rtio  det«mlauloB  tt,  B.       ' 

^^B                          oup-cUatton  of,  ii.  10$. 

!»». 

^^B                  LcaJ,  dtaiUct'iiod  bj  cryntitltUatioB,  iL 

Mercury,  chloridoa  of,  ii.  SB3. 

^m              mi. 

■'         iB«tatlBrg7  of.  III  Idda,  lUH. 

^H              Lud,  mcUllorgf  of,  (1.  190. 

Mvrcury,  nftaltaKv  of,  ai  AImAm,  E 

^H                        r*d,  or  ninium.  U.  ITS. 

291. 

^H                    ■•     ultt  of.  iL  ITd. 

Meronry,  oiidei  of.  U.  378.                        i 

^H                                        •ceuiH.iLm. 

OAlta  of.  ii. »«.                       ^1 

^M                   •*                       OArboDotM.  IJ.  IM. 

•ulphidH  of.  ii.  381.      ^^^M 

^H                   "                       b«I»Tl«iir  of,  il.  18S, 

ii.  (i£0.                         .^^^^1 

^H                 ■<     sb«»t,  nnd  |.t[>a,  iL!i02. 

MtUlIio  i«Uk,  L  8(i3.                    ^^^^1 

M*U1*,  i.  840.                                 ^^^M 

^H                Lemons,  otl  oT.  ii.  liSS. 

MtlOB  of  0S7g«R  OB,  L  374       ]H 

^B                L«uci>1e.  iL  tym. 

BI«taU.  acUott  of  mlpbv  and  oUariwB 

^H                Uehentn,  ii.  MT. 

OB,  i.  ST4. 

^^H                licbma,  ii.  710. 

Mvtob,  actio!  of  otkcr  iMUUolda  oo.  i 

^^B               Idcuin.  it.  449. 

377.                                                       H 

^^M               Liia«,  i.  6S7. 

M«Ut!>,  aUialba.  L  411.                          H 

^^B                   ••     fdrnMirtAT,  i.  GU. 

aUalino-«*t4hj.  i  628.              ^ 

^M                   >•     tir<lrsii1i<,  i.fiN. 

"       choiaical  proportlM  of,  i  STI. 

^H                    "    hjrpoehlurlte  of.  L  604. 

■■        «la«aifieaUaii  of.  t.  872. 

^m                   "    kitn,  \.6Z% 

■■       CFjiilaHiiation  of,  i.  367. 

^^ft                          nbliTO  carboDftlM  of,  i.  £47. 

AtfUli,  mallMbilitj  and  «l««till»  of,  L 

^H                    '•    pliospliatn  of,  i.  fi4t». 

308. 

^H                    '•    falu  of.  i.HS. 

MatoU,  opaclij,  lusir*,  anil  oatatr  af.  L 

^^m             UmoetonM,  ooiiip««ii»n  of,  i.  ftlft. 

8S8. 

^V                                    nnnljr»ie  of,  I.  018. 

MtlaU,  pbj-tical  prapertiaa  of,  1.  Si5. 

^H                Lilbarge,  iL  176. 

"        propaTtiet  of  osidoioC  i-Sift. 

^^k                Lixinatiim  of  iiilr«-b«(bi.  L  456. 

••          •'         <hiori4tM«f,i.aM 

^^1               Lo^ovd,  ii.  706. 

"      Tolatioig*  of.  to  heat,  1.  371. 

^H                Lunar  caaatic,  IL  397. 

UetalloldR.  i.  7«. 

^H                Luiiire,  nielalUc,  1.  iOi. 

MuivalenU  of  Ibe,  LMfc         i 
MaUtjlal,  ii.  soft.                         ^^HH 

^B               Lrmpli,  li.  74S. 

OEKEIUL  IKDBZ. 
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Matli;li«  alcohol.  li.  6*5. 

"       componndM.  Mble  9t,  U.  Ml. 
MetLjlio  ethers,  li.  G48. 
Mctb^UmiavQig^  iL  023. 
Milk,  a.  T4t«. 

"    miftnr  of,  U.  761. 
^liniutD,  ii.  178. 
Mineral  Aiel,  ii.4H. 

*■      fi*(m,  IL242. 
Mirror*,  it.  38». 
Uolecalnr  duoreineBto,  L  U. 
Molybdenum,  ii.  238. 
Mouobwo  Knd  pu1;baM«  MtlU,  i.  C9S. 
Monaclinio  (jsUm,  L  <0. 
!k[o&om«tria      "     1.  £1. 
Mordant.  11.  T8fi. 
Morpliiii.  ii.  MS. 
Mortar,  i.  dtl. 
Hncic  acid.  li.  403. 

■'      rtber,  ii.  636. 
Multiple  [>roi<ortionM,  law  of,  i.  12. 
MsBenlar  Omw,  1L  7£8. 
Moitard,  ell  of,  U.  57S. 
Myrioiii.  ii.  703. 
Myrouic  aoid,  ii.  477. 


Naplillia.  ii.  688. 

Naplillinlin.  ii.  C78. 

Sarcotiu.  ii.  610. 

liickel.    analt'tio  tleUniuiiatton    uf.  ii> 

18W. 
Nicltel,  in  GertniLn  ailvtr,  ii.  IZif. 
>•      oxidoitof.  ii.  i:!fl. 
■'      iiUU  of,  ii.  1»T. 
NlckinE-hnddlo,  U.  18. 
Mootin,  Ii.  filS. 
Niobiiuu,  ii.  174. 
Mtrntcs  ami  aitriM,  d'tlcmuaaCion  o(, 

i.  424. 
Nitre-bctia,  i.  iii. 
Nitrio  aoid,  i.  I  S3. 

■■  analjni  of.  i.  189. 

Kitric  add.  fonnatloa  and  iiraporaUoa 

of,  L  135. 
•iitric  acid,  twvnu&Mtan  oTi  i.lST. 

••      «lL«r,  ii.  £80. 

"      oxide,  analynia  et,  L  160. 
Nitnli.  ii.  029. 
Hitmpn.  i.  117- 
HitroKOii  and  carbon,  eompoiuidf  of,  i. 

as;. 

If itroKQD  aod  oMoria*.  cinaponmls  or,  I. 

227. 
I>itroKcn  and  bjdrogci),  camp-otinda  of, 

LIOS- 
Kitroj^n  and  ioditio.  eonpounda  of,  i. 

248. 
Kltrogvo  anii  oxncn.  oompDBiids  of.  i. 

13:^. 

n 


>'itro[tan  and  pkos|iorus.  oomiKiiiiids  of, 

i.  2*5. 
Kitrogea,  cliemioa]  and  plijrsioat  proper* 

ties  of,  i.  119. 
Kiirog«ii,  d«utosid4  of,  or  nitric  oiid«, 

i.  H6- 
Nitrogftn,  Oi}iiiTal«nt  of,  L  169. 
Kitrogon,  organic  datenuinatleti   of.  L 

880, 
Nitrogen.  pr«purailon  uf.  i.  119. 

■-        orotoiiJo  of,  i.  14!^. 
Kitrooa  aaid,  a&aljraia  pt,  i.  Ifil. 
KitTtftia  acid,  prcparattaa  and  proptrtiM 

of,  t.lB3. 
Kitroun  miLtloi^  liaiviation  tf,  I.  4B4. 
Kuiritioii,  li.  729. 

o. 

Oil  ofantated.  ii.  G6Z. 

■■     bitHT-almond*.  11.642. 

"     einnainan,  it.  66S. 

"     garlic,  ii.  II7S. 

"     uOBUrd,  ii.  GT$. 

<'     tplma,  (I.  «&4. 

"     wine,  it  628. 
Oil*.  e»entia>,  ii  (!S4. 
OlaOantipw.  ii.  6:^ 
Olcio  ncid,  ii.  u;*:i. 
Opa«tt7  of  ibc  BMali,  L  86ft. 
Optleal  glua,  li  C3'J. 
Or«,  craahinr,  ti.  11. 

"     itrcparulian  «f,  it.  9. 

"    ctaniring,  ii.  17. 

"     KMJuiig,  ii.  10. 
OmaiRODU  and  [laiDiing  of  wrUienwart, 

I.  tiU7. 
Ounium,  ii.  aCO, 

"        extraetioa  of,  ii.  853. 
OulatM  ofpetaMM,  i.  467. 
Oxblic  acid,  i.  822.  ii.  604. 

"     athon,  ii  634. 
Oxidce.  prapandon  of.  i.  S9I. 

"      ileKmlnatlon  of,  1. 422. 
Oxrsmi  and  anenli:.  coinpuuuJa  e£  L 

•Ml. 
OxjRa  and  oarfeoo,  compoands  of,  i. 

8W. 
OxTRui  and  eklorisfr,  eoai]M«*da  ol,  i. 


ir 


OiygeD  and  hydrogao,  eorapoviidi  oC  i. 
m. 

OsjBta  and  nilrogca,  cempouub  of,  I. 

IS:;. 
Oxyi^n  and  phoBphoTva,  «oaip«uada  «C 

1.  -^no. 
Oxygta,  pT«paratiMi  of,  i.  79. 

firojiartiM  of,  i  R5. 
OsjHMhuio  add.  iL  491. 
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OBITERAI.  IXDES. 


P. 

PkU>Aw,U.»Ou 

Pklm-oil.  ii.  nw. 

Taocnatk  jnio*,  ii.  747. 

Pinfia,  11.  Ml. 

Pkrtiae  of  mM  tad  aJnr,  II.  S29. 

Pwi-wblto,  U.  SOD. 

PMtl«  Midt,  tftblfl  «f,  U.  488. 

VteUMt,  il  478. 

Pdopfma.  ii.  174. 

ParcUorto  teii,  i.  232. 

Peraawofi-uble,  ii.  30. 

Penj.U.  "ttft. 

p««.  baiiui  of,  H.  oeo. 

FUnk  hU.  ii.  683. 
PUwMjii,  IL  628. 
PkMplutM,  dcMrnlnatlAn  of.  1. 428 
Pfaoaphorie  teiti,  ]ir«|iarB(iim  of,  i.  260. 
"  •*    msKiyDJ*  0^  i.  SS8. 

Bftlcbea,  i.  269. 
PhoaiAoroiu  acid.  L  364. 
Pboephoru.  pni|i«rtiM  of.  1. 3C4. 

"  prtpontivD  oft  i.  X&7. 

••  »qalralnt*f,  L25e. 

••         mil  hydrogea,  1. 170i 

"  AOd  OXJgBB.  i.  ZCO. 

PiMimbonn.  orguuo  «l«uniuiiati«a  of. 

PlwapluiTlala  add.  U.  UO. 
Plioa^unHh  i.  399. 

"  ddcrntinatiaii  of,  L  42S. 

Ptiyoiut  and  c1i«jii!m1  plwnoinciut,  i.  0. 
Eiijeinlproportiaaaf  UMnoUl*,  i.  36&. 
PiotMoiiv.  it.  63A. 
ng-HeUl.  ii.  MX 
Pimsric  acid.  U.  074. 
Pippiiii,  ii.  6'i6. 
PlaoM,  froniuU  pnaoiplM  (if>  IL  4i0. 

"       dteomporitioD  ofi  ti-  tM. 
PlaUi,  iiilT«r,  ii.  SIS. 
Plstiaum,  M.  S39. 

ammonik-bun  of,  iL  S4B. 
Flftlinuin,  an&lytia  deienaiiution  of,  >i, 

PlotiauBi  bluk,  ii.  810. 

'•        CKtracUmi  of,  il.  849. 
"        oxidt*  ud  Mtta  »f,  ii.  ttt. 
PokrinUMi.  cirealu',  {note,)  ii.  454. 
Ponelilo,  mUMial*  for,  i.  ft&2. 
•*        ware,  naldiig.  i.  63&. 
•'        glaiiiig  and  bonilag,  1.  Cofi. 
Potasu,  L  441. 

"       MlUof.i.  444,471. 
Pctasaiam,  eomixntiids  oft  i-  9^- 
••  etiiutaUnt  of,  1 44fi. 

Ptttery,  i.  661. 

•'      poioiu,  L  0$4. 
ProziBaUaaalf«li«to>g>liiabodl«i,iL 

»3. 
ProzimaU  nrincipln  of  planu,  ii.  440. 
Pnuiio  add.  1.342. 
VaddUag-turaaoe,  11. 87. 


PwpUorCkadaa.U.a3«. 
FjmlSsMOV  ««U1,  tt.  646. 

Q. 

Q<urUti«it,  Miar  iy,  U.  999. 
QvwcitroB,  ii.  107. 
QaiDia  aeid,  ii.  611. 
Qainia.  ij.  Q18. 
(tainotria,  U.  «30. 

B. 

RaoMilo  add.  U.  603. 

Bod-lead.  Ii.  178, 

RMloa.  ii  OTS. 

ReBpiraUon.  U.  7M. 

Rhodinsi,  ii.  S58. 

Rli»iiibin  ajvtum,  I.  84. 

KmIm,  priaclMil  kiads  of.  L  856. 

IU«lu^  «tratlwd  sad  iMn.«lialifi«dL 

163. 
Rocka,  maiallle  vdita  ia,  u.  U3., 
Buperl*a  drapa.  U.  041. 
RBlheaiunt,  ii.  SAO. 


8af«t7-tiih«a.  i.  14S. 
Baffron,  ii.  707. 
Salioin.  iL  652. 
E*licj]ic  acid.  ii.  «6«. 
SaIiva,  ii.  A&3. 

Salinos.  i.  tW.  

SalbMTCln&Mt,  Iwniag  polata* 
Ball,  datnviaalioiD  of  taa  tit 

tiTBliodjofa.  L42I, 
Salt,  vxtraetioa  of  rock.  L  496. 
Saltpelor  aod  lalphur.  pv]v«riatla 

Sallji«tar,  rtfinioK,  i.  i&9. 
Watiag,  L  461. 
Salts,  1. 889. 
SnI  la.  cotoaral  teate  «r  tite  fMut 

LBttO. 

Salta.  d(oaiB|MMia<«  of,  hj  acUa,  L  4ll 

b7lWMKL4]j 

SalU,  datonaljiatiinior  tbaaoloUfivq 

SaltH.  ilAUmibatiftD  of  Uio  ci 

lubUliy  of.  I  406. 
SalU.  baluid.  i.  2dl. 

law  of  th«  oonattlotiaa  I 
Salu.  lawfl  of  ihe  (loaompoaillaw  «f. 

414.  1 

Salta,  moDolMUD  and  polytiask),  L  tSl 
Salta,  matnal  action  «f,  la  |]i«  jn  i 

i.4l8. 
SalU.  natnal  aetion  of.  bt  tbo  woli 

i.  41B. 
flalu,  nfvtral.  add,  and  badde,  I.  '■ 
SalU,  reciprocal  acUoo  of,  oa 

417. 


W                                                           OSSERAL  CDES.                                           SOS           ^M 

SilU.  lolubility  of,  i.  401. 

Stroiitia,  iU  lalta,  1.  SSS.                                   ^^M 

Salt-warlu,  norkintl  up  nsiilmi  oT,  i. 

RircDtium,  i.  &3&.                                                ^^M 

fi06. 

RtT<rcbtiia,  ii.  fl17.                                          ^H 

Sahoda's  grevD.  li-  243. 

Suberic  Acid,  ii.  BOfl.                                           ^H 

Smtch  hMrtb.  ii.  m. 

Saccicic  acid.  U.  W7.                                        ^^M 

Sok-sall,  axInMUftn  «r,  t.  &03. 

Sugu,  ii.  4G9.                                                     ^H 

1           8«bMle  Mrid.  11,  698. 

eitnttioB  of,  IL771.                               ^^M 

SMKtiona.  li.  ~!i6. 

••     rvflnlng  of.  IL  766.                                   ^H 

&i]enic  mild  >c1«d1oiu  acidi,  L  SOS. 

ofniiUc  ii.  7G1.                                        ^^M 

R«lcnium.  i.  2aa 

of  lead.  iL  188.                                        ^H 

Sbcct-iron,  ii.  OS. 

8uIfbT(lrio  ethers,  ii.  68&                                 ^^M 

"     lend.  ii.  202. 

SalphAtv*,  aaaljiii  of.  1.  458,                            ^H 

8ho(-euIing.  ii.  203. 

Sulpliid««,  kQ»J;-u«  of,  i.  42£.                            ^H 

i             8ili«a,  pr«parnlion  of,  1.  298. 

pn-pertiM  of  inHalllt,  i.  887.           ^H 

SlUcto  ether),  ii.  682, 

SnlpkoawbooUi  B«td,  1.  886.                          ^H 

gOletum.  i.  ^'JH. 

Stilplioejaoidaa.  tt.  681.                                  ^H 

lluundsor.  t.30]. 

Suliitiuiiiilli.  unalyiii*  of.  i.  481.                            ^H 

RilicofluDbfiinc  acid.  i.  802. 

Sulplioniiic  add,  a.  Bib.                                    ^^M 

SilMinn  cxtrnotJon  ot  liuc,  ii.  ISO. 

Sulphur.  L  leo.                                                   ^H 

SllTor.  ii.  2V)a. 

nctioD  of,  on  tlio  metals,  L  878.           ^H 

1                 "      klln^sof,  ii.  811. 

and  chlorine,  i.  S84.                                 ^^U 

1               "          "          littnj  of,  ii.  818. 

and  hrdrosan.  i.  301.                           ^H 

!               *■     ntwlflic  deunainttloaof,  ii-SOS. 

and  0K78en,  1.  ITS.                            ^H 

"     asiay  of  or«i  of.  IL  S2l. 

equiialmt  of,  i.  I»8.                          ^H 

"    ehlorldc  of.  801. 

oTguiiodaUnniiiatioiiof.ii.SSft.            ^H 

"     extrootiou  from  copper,  ii.  2&1. 
"           '•           •■     lc*d,  ii.  108. 

Sulphnrcttrd  hvdroeen,  i.  301.                          ^^| 

Salphurioacid,  J.  178.                                        ^^| 

"     nilmintttisg,  ii.  i%. 

-    analj'als  of,  L 190.                   ^H 

•1     maUllonv  of,  ii.  SOi. 

"    ftualag,  i.  1B6.                             ^M 

ether,  li.  &1S. '                                    ^M 

"     pBrt«<i  frocD  gold,  il.  329. 

Sulpbiiroiu  neid.  preporatioii  and  pro-            ^H 

"     tftlu  of.  it.  290. 

prrticx  of,  i.  174.                                                   ^H 

'           SilTtrins.  LL  831. 

Sulphuroas  aeid,  bleaeUag  b;,  1. 173.              ^H 

"       nUuio,  ii.  384. 
Simple  ukd  compoud  bo^M.  i.  10. 

Sweat,  it.  708.                                                      ^H 

3wiag-Ble>e  fur  ore>.  iL  16.                                ^^M 

1                                 •'         «]ntab,i.l6. 

a^QiLetlc  compoaiuoa  of  n(«r,  1. 103.              ^H 

SinaptM,  ii.  Q&7. 

^^H 

Skin,  ii.  728. 

^^1 

1           SleeBiDe-Ut>1«.  a.  19. 
Smalt.  L  184. 

^1 

^^H 

1          8mp,  nuiufMrim  of.  U.  778. 

Tannic  acid,  ii.  605.                                            ^^M 

1           8od»,  IwraioBuf,  i.*9fl. 

Tannbic.  ii.  788.                                                 ^H 

"     euliaiiatcti  of,  477.''''^ 

rarlario  add,  ii.  6S8.                                     ^H 

L              •'     ckiuUo,  i.  -IT-I.                \ 

TartAr  emetie,  il.  600.                                         ^H 

1              *<     liTpwiiJpliite  of,  i.  404. 

Taotli,  ii.  732.                                                       ^M 

f              ••     ^otphataa  of,  L  480. 

Sods,  diatinotin  obaracur  of  tliD  ulti 

Teiwotty  of  meula,  i  870.                                 ^H 

Terbium.  1.  bH3.                                                 ^H 

of.  i.  610. 

T«Tebilcn,  ii.  ft37.                                                ^^| 

,          Soda-ssh.  muiafiwtnn  of.  L  477. 

TerpvDtinr.  oil  of,  ii.  Glt{.                                  ^^| 

Sodaa,  Mai  of  eoBdOiunlal.  1.480. 

ToxiUe  fiLbricH,  coloaiing;,  U.781.                      ^H 

Sftdlam,  i.  47». 

Tbaln,  ii.  CIS.                                                            ^H 

•'       cbloridc  of,  i.  40S. 

Huaafd'a  blue,  ii.  186.                                       ^H 

Soft  loldAr.  il.  189. 

Th«nnonie(m«,  InaMratiitet  in  diflar-            ^H 

SAlttUUty  ofguoa  in  water,  i.  101. 

ent,  11.418.                                                       ^M 

Sparmaetti,  i.  TOl. 

Thermomelen.  air.  (do4«,)  iL414.                     ^H 

Suunplox  or«t,  i.  17. 

Thio»iiLiisiuia.  iL  076.                                          ^H 

Steun-^olonra,  i.  788. 

Tliviiauui,  i.  fitiS.                                                 ^H 

StMtio  Mid,  i.  090. 

TUn,  i.  ecu.                                           ^H 

S«««l,KwlT*iaof,ii.lll. 

Tin  and  ita  oxidt«,  li.  1(6.                                  ^^t 

"     eompoiltion  of.  ii.  ltd. 

••   allo^N  of  onpp«»  and,  li.  S6&,                       ^H 

•I     BtaBn&etoro  of,  U.  102. 

"  behaviour  of  salta  of,  ii.  164.                     ^M 

^^         "     UBiponnR  of,  iL  107. 
^K     Stowwut,  I.  6M. 

"  chlorMeiof,  It.  102.                                     ^M 

"  uetallurgj  of.  ii.  166.                                   ^H 
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QEKEBAL  IDISEX. 


Tin,  idUb  of.  ii.  ISO. 

Tin-pUte,  ii.  dS. 

Tinning  copper  aod  brass,  ii.  2G9. 

Titsaium,  ii.  1G9. 

Tolttidin,  ii.  CG3. 

Truncation  of  crystals,  i.  l~. 

Tungsten,  ii.  230. 

Type-metal,  ii.  IBO. 

TTTolese  bowls,  it.  326. 

u. 

Uranium.  iE.  224. 

Urea,  ii.  7&4. 

Uric  acid  and  its  derivatircs.  ii.  TQJ. 

Urinarj  calculi,  ii.  7G2, 

Urine,  analjsis  of,  ii.  TGI. 

V. 

Valerianic  ocid,  ii.  GGT. 
Vanadiam.  ii.  235. 
Vapours,  density  of,  40G. 
Vordigrifl.  ii.  24!J. 
Mtriol,  blue,  ii.  240. 

w. 

Washing  gelatinous  precipitntes.  i.  684. 
Water,  i.  ue. 

"  analj-sii  of,  by  galTtnism.  i.  110. 
Water  and  carbonic  acid,  delermi nation 

of,  i.  121. 


Water,  eraporation  of,  i.  100. 

"      of  crystoUiiatian,  i.  398. 

"      Bolnbility  of  gases  in,  i-  101. 

"      synthetic  composition  of,  i.  ICK 
Waters,  carbonated,  i.  311. 
Wax,  ii.  703. 

White  precipitate,  ii.  285. 
Wine-making,  ii.  796. 
Winter-green,  oil  of,  iL  GJSC. 
Wire-drawing,  ii.  101. 
Wood,  charring,  ii.  790. 

"      apitit,  ii.  576. 
Woolf's  bottles,  theory  of,  i.  147. 

X. 

Xaathic  acid,  ii.  63G. 


Yeast,  ii.  607. 
Yttrium,  i.  688. 


z. 


Zaflre,  ii.  134. 

Zinc  and  its  oxide,  ii.  141. 

■<    salts  of,  ii.  148. 

*'    analytic  determination  of,  ii  14L 

X    metoUnrgy  of,  ii.  146. 
Zirconium,  ii.  682. 


7 
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THE  END. 
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